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NUCLEAR TRANSFER FOR PRODUCTION OF TRANSGENIC ANIMAL EMBRYO 

This invention relates to !h9 genGratlon of animals by nuclear transfer, 
including but not limiled lo the generation of transgenic animals. 

Nuclear transfer is the replacement of the nuciejus of one cell with that ot 
5 another. The ability to produce live offspring by nuclear transfer is an objective 
which has been sought for some time by animal breeders. The ability to produce 
cloned offspring in such a manner would enable the production of large numbors 
of idcntioal cffepring and the ability to genoticall^' modify and/or te\ec\ coll 
populations of the required genotype (e.g. sex or transgenic) prior to embryo 
10 reconstruction. 

Whilst nuclear transfer hae been described in some animals, the 
procedures used are often inefficient and have not yei been euccesstully applied 
to many species. Also, there are no examples of gene activity being modified In a 
large animal ueing nuclear transfer. 

15 Applicants have discovered that, in relation to pcrcinfi emtsryos in panicular, 

cloning techniques known In the prior art tor ovine and bovine animals (see lor 
example WOS7/07fl69 and WO95/17500) cannot be applied to porcine animals. 

It is an object of the present invention to overcome, or at laast alleviate, one 
or more of the difficulties or oeflclencles associated with the prior art. 

20 in a first aspect of the present invention there is provided a method of 

generating an animal embryo which method includes 
providing 

a donor nucleus, and 
a recipient cell; 
26 removing the nucleus from the recipient cell; 

introducing the donor nucleus into the enucleated cell to produce a 
r o c onowg rgdroeli; and 

■maintaining the reeenstttmed^etMn a suitable medium for a period 
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eumcicnt to allow tho cell to recover a cubctantialiy normfii shBoe. e#iM«./cA^t^ 

Appli6£nl5 nZve cisccvered that the number o1 viable embryos produced^ :i# -r 
may be significantly increased by permittinc the Tguonsit UJifciij Lt* ti to be maintained ["''^^«^ 
in a quiescent state for a period si|tticicnt to allow the cell to recoveT^^.^^****^^/ 
5 substantially normal, e.g. Generally circular. Ehape. /'ccY.t„+ ;^ eoo^i. ' 

Whilet we do not wish to be restricted by theory', jit is postulated that the^'i^^;.^^^ 
quiescent period permits the cell to return to s more nonnal state after which cell^J^ 
fusion may proceed more efficiently. n^ig ? * 

The p c e ofifititut e e c eil may be maintained in*R suimble medium tor a*perio^^/ 
10 ct approximately 3 to B hours, preferably approximately 4.5 to 6 hours, ^<hlt^ 

It is desirable, however, that the quiescent period end betore'^nyTor'^ftnJ? 
substantive division, ensues. jiu^) . .^^^ 

In Q preferred embcdiment of the present invention, the met^a^aj 
include the preliminary step of 'Vec.y;,,^ . ^o^f^^ 

IS subjecting the recipient cell to an activation step; and /, ^J^*^ <tJU uA.-ci^ 



20 




subsequently removing the nucleue from the acliveted cell, ^^^^ . , 

Applicants have found, in this preferred embcdiment, improved results 
where a preliminary activation step Is undertaken. 

Preferably the r^tJuiiLliluTiTJ Lull is subsequently subjected to cell fusion. 

VVhere the preferred preliminary ectivaiion step is not utilieed the 
r w o netrtmg^ i^egil may be subjected to a cell fueion/activation step. For example, 
where- electrical pulses are utilised for ceil fusion, the voltage may be selected to 
simultcneously initiate activation. 



In a further aspect of the present invention there is provided a method of 
25 generating a transgenic animal embryo said method including 
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providing 

a donor nucleus which hae been genetically modified to ellminale an 
undesirable ectivity or \o provide tor e desirable activity, and 
a recipient cell; 

5 transferring the donor nucleus to the recipient cell to produce a cok| 

r c =cni»Uitn r i 01, 11 ; and cLfl^4- 

generating a transgenic animal Gmbryo from said r*«enolituiccs* cell. 

The animal embryo may be of any type, and incluccc bird, fish., reptile and 
mammalian (including unguloto and primate) embryos including human embryos. 
10 e.g. murine, bovine, ovine or porcine embryos. Preferably, the animal embryo Is a 
porcine embryo, bovine embryo, murine embryo or human embryo. 

Preferably the transfer etep includec 
removing the nucleus from the recipient cell; 

introducing the donor nucleus into the enucleated cell to produce a 
15 McohMiiuiBri cell; and i . 

maintaining the ui^wnfc^nulcm' erf in a auhable medium for a period 
Eufficieht to allow the cytoplasm to recover a substantially nom^al chape. 

The donor nucleus may be ol any suitable type and from any suitable 
species. The donor nucleus may be contained in a keryoplest or cell. The donor 
20 nucleus may be of embryonic, embryonal tumor, foetal or adult origin. Donor 
nuclei may be prepared by removing the nucleus and a portion of the cytoplasm 
end placma membrane sunounding it from earty pre-implamaiion stage embryos 
(for example zygotes, 4- to 16- cell embryos) for example using microsurgery. 
When nuclei trom more advanced embryonic cells ere used the whole blastomere 

25 may be transferred to the recipient cytoplasm. Embryonic or foetal fibroblasts moy 
be used. Embryonic siem (ES) cells [isolated from inner cell mses (ICM) cells, 
embryonic disc (ED) cells or primordial germ cells (FGC)] may be used, A cell line 
derived from an emb^onal tumor may be used (eg. embryonal carcinoma (EC) or 
yolK sac tumor cells). Adult cells such as fibroblasts may also be used. In this case 

30 the whole cell may be fused to the recipient cytoplasm. 
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The recipient cell may be of any suitable type and from eny suitable 
species. CydcplBSts may be preparGd from in vivo or in vitro produced occyies. 
Cytoplaets may be prepared from oocytes arrested in the second metaphdse of 
moiotic maturation (Mil oocytes). Other sources ot cyicplasts include zygotes, 
5 teniiised oocytes, and 2-C6ll blastcmeres. 

Cytopiast preparation involves the removal of th J nucleus in a process 
referred in as enucleation. The nucleus may be removed by microsurgery. This 
may Involve the removal of pronuclei or metaphase plate and sun-ounding 
cytoplasm from zygotes or oocytes, for example by aepiration or embryo bisection. 

10 Such manipulation may follow incubation of the zygotes or oocytes in fl 
microfilament inhibitor, for example cytochatasin B (Sigma Cell Culture. 
Sigma-Aldrich Pty. Ltd.), that relaxes the cyioskeleton and allows the removal of a 
ponion ot membrane enclosed cytoplasm containing the pronuclei or metaphase 
plate. Alternatively, nonphyslcal approaches such as inactivation of the 

1 5 chromosomes by UV (chemical) or laser irradiation may be used. u J C 

^ ThCTlonor nucleus may be transferred to the recipient cell by any suitable iim^^mr 
method. Such methods include, but are not limited to, microsurgical injection, and J^^*^* 
cell fusion mediated by for example electrical pulses (electrofueion), chemical 

<tJ\ ; 

reeoents such as polyethyleneglycol or the use of inactivated vinjs such as Sendai r^^^^\ 
20 virus. TL^ y^ft. , 

Preferably the donor nucleus is introduced under the zona pellucida. c 

In a further preferred aspect the donor nucleus is introduced into the ^./^ 
enucleated cell substantially immediately after enucleation. 7^ , ^ ^ 

More preterably the nucleus is removed from the retipiei^t ceifvia ^^^^i^^*^ 
25 incision site and the donor nucleus is introduced into the enucleated cell through ^©rtv)^. 
the same incision arte. a^cUu^j h fL^ 

Cytopiast volume may be increased by fusing together rona pellucida free 
cytoplasts before, after or at approximately the seme time as donor nucleus ^ 
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fusion. ^jUy^^^^ 

Co I*-*- 

An animal embryo may be generated from the iLuuiaiilL.- .ull by any 
suitable method. Embryonic^ Jfii^'^f 71^ miitWy in vitro and 
subsequently in a VuT^ogate^ Thus, thre ii^^ftutte ceil may be Inlllally cultured 
5 in vitro to produce an embryo and then the embryo may be transferred to a 
V^J- ^surrogate tor subsequent development Into an animal. In vitro culture of the 
^ ^Xcft& n iShiil 0 0 tnUr may be in any suitable medium. 

Aclivfilion occurs during fenilisation when The penetrating sperm triggers 
the resumption of meiosls. Activation is characterised by calcium oscillation, 
10 release ot cortical granules, exirusion of the second poiar body, pronuclear 
formation and ultimately cleavage. The reccnstitutcd ccll^sy be tr©fi\©a with, for 
example, ethanol, calcium ionophcre or electrical stimulation to Induce activation. 
Activation ietoerformed prior tojtransfer ct the donor nuclei. 

In a preferred embodiment of this ospcct of the preeent invention, the donor 
15 nucleus may be from an embryo that is itself the product ot nuclear 
transplantation. This is Icnown as serial nuclear transfer. 

Serial nuclear trensfer moy improve the capacity of differentiated nuclei to 
direct normal development. Whilst applicant does not wish to be restricted by 
theo7, serial nucleanransfer is postulated to improve the developmental capacity 
20 of transplanted nuclei by allowing specific molecular componenls in the oocyte to 
assist iln chromatin remodelling that is essential for nuclear reprogramming. Serial 
nuclear transfer is not restricted to a singular event but may bo initiated on more 
than one occasion to sequentially improve conditions for chromatin remodelling, 
nuolear reprogramming and embryonic development 

25 The donor nucleus end recipient cytoplasm which are used in the method 

of the preeent invention may be of any suitable origin. Preferably, they are ot 
porcine, bovine, murine or human origin. More preferably, they are from a MHC 
(SLA)- miniature swine because isogenic embryos and ceil lines may be derived 
from such animals (see below). 
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the method of the present invention may be ueed to QenerfitG transgenic 
animals. For example, a new gene may be expressed and/or an enisling gene 
may be deleted in the transgenic animal. The addition ot new penes Is technically, 
less demanding than the deletion of existing genes. 

5 As used In this specification the term "transgenic", in relation to animals 

// 

and ail other species, should not be taken lo be limited to referring to animals 

'/ 

containing In iheir germ line one or more genes from another species, ellhough 
many irensgenic animals will contain such t gene or genes. Rather, the term 
refers more broadly to any animal whose germ iinol hac been the eubject of 
10 tcohnical intervention by recombinant DMA technology, iSo, for example, an animal 
in whcse germ line an endogenous gene has been deleteo or modified (either by 
modifying the gene product or panem ot expression) Is a transgenic animal for the 
purposes of this invention, ae much as an animal to whose nerm line an 
exogenous DNA sequence has been edded. 

15 The donor nucleus may be genetically modified by modifying, deleting or 

adding one or more genes. The gene(s) to be modified, deleted or added may be 
of any suitable type. In a pariiculariy preferred embodiment of this aspect of the 
invention, the al.S-galactcsyltransferese gene may be modified in transgenic 
swine. This gene is non-functional in humans and so it is no longer expreceed It 

20 doec, however, still function in swine where its role is to add a specific sugar 
configuration to protein baclcbones. This gtycosyiation panem is highly antigenic 
and humans carry high levels of antibodies lo It, Swine -antigens to which humans 
read strongly are described as xenoantigens and the reactivity of humans towards 
swine antigens is described as xencantigenicity. The net result is the immediate 

25 rejection of transplanted ewine tissue in human recipients. Inactivation. through 
gene modification, of the swine a1,3-gslacto&yltranEferaEe activity may make 
swine organs, tissues, or cells less susceptible to immune recognition following 
transpJantation ot seid organs, Tissues or cells Into humans. 

The process of modifying a gene may involve the introduction of one or 
30 more mutations in both copies of the target gene. Suitable cells may* take up the 
muTation(s) and then be used to generate an animal. One copy oT the gene may 
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be disrupted In the cell ond the reeuhant hetercrygous animels bred wilh each 
other until one with both copios of the gen© mutated is found. Alternatively, both 
copies of the gene may be modified in vitro. 

To target an endogenouB gene rathor than introduce random mutations, a 
5 DNA conetruct (transgene) including a nucleic acid sequence which is 
subetantially isogenic to ai least one or more portions of^/the target gene except for 
the iniroducilon of the one or more mutations may, be used. 

The targeting DNA may ccmprise a 6eque:nce In which the desired 
aequence modifications are flanked by DNA substantially Isogenic with a 

10 corresponding target sequence in the genome to be modified. The substantially 
isogenic sequence is preferably at least about G7-D8% identical whh the 
corresponding target sequence (except for the desired sequence modifications), 
more preferably at least about 99.0*S9.5% Identical, most preferably about 99.6% 
to 99.97e identical. The targeting DNA and the Target DNA preterably share 

15 stretches of DNA at least about 75 base paira that are perfectly identical, more 
preferably at least about 150 base pairs that are perfectly identical, even more 
preferably at least about £00 base paira that ere perfectly identical. Accordingly, It 
is preferable to use targeting DNA derived from cells as closely related as possible 
to the cell being targeted; more preferably, the targeting DNA is derived from cells 

20 of the same haplotype as the ceils being targeted. Most preterably. the targeting 
DNA Is derived from cells of the same individual (or animal) as Ihe cells being 
targeted. Preferably, the targeting DNA sequence comprises at least about 
100-200 base paira of substantially isogenic DNA, more preferably at least about 
300-1000 baae pairs of subEtantially isogenic DNA, even more preferably at least 

25 1 000-1 5000 base pairs of substantially isogenic DNA. 

As used herein, the term isogenic or eubatantially isogenic DNA refers to 
DNA having a sequence that Is identical wilh or nearly identical with a reference 
DNA sequence. Indication that two sequences are isogenic la that ihey will 
hybridise with each other under the most stringent hybridisation conditions (aee 
30 e.g., Sambrook J., et al., 1969); and will not exhibit sequence polymorphism (i.e. 
they will not have different sites for cleavage by restriction endonucleesos). The 
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term 'eubBianiiaily isogenic" retcrs to DNA that is at least about S7-99% identical 
with the reference DNA eequGnce, and prelersbly at leasl about 99.5-99.97o 
identical with the reference DNA eequence and in certain cases 100% identical 
with the reference DNA sequence. Indications that two sequcncce are 

5 substantially isogenic is that they will still hybridise with each other under th© nnost 
stringent conditions (aee Sambrook, J., et a!,, 1S89) and that they will only rarely 
exhibit rectriction fragment length polymorphism (RFLP) or sequence 
polymorphism (relative to the number that would be elalistically expected for 
sequences of their particular length which share at least about 97-98% sequence 

10 identity). In general, a targeting DNA sequence end a host cell eequonce are 
oompared over a window of at least about 75 ccneecutive nucleotides. DNA 
EGquencee compared between individuals of a highly inbred strain, such as the 
MHC Inbred miniswine, are generally considered to be substantially isogenic even 
if detailed DNA sequence Inforrriatlon is not available, if the sequence do not 

15 exhibit sequence polymorphisms by RFLF analysis. 

Thus, the donor nucleus may be genetically modified by modifying an 
endogenous gene In the donor nucleus. The endogenous gene may be modified 
by introducing into said donor nucleus a DNA construct including e nucleic acid 
sequence which is substantially isogenic to at least one or more portions of the 
20 encocenoue gene and includes one or more mutations, such that there is 
homologous recombination between the DNA conptruci and the endogenous 
gene. 

In a further aspect of the present invention there is provided a DNA 
constnjct for modifying an endogenous gene in an animal nucleus, said DNA 
25 construct including a nucleic acid sequence which Is substantially isogenic to at 
least one or more portions of the endogenous gene and includes one or more 
mutations. 

In a prefemed embodiment ot this aspect of the invention the endogenous 
gene is a swine, bovine, ovine, caprine or murine gene, more preferably a swine 
30 al.S-galactosyltransferase gene. In a particularly preferred embodiment of this 
aspect of the invention, the DNA construct is pGellaway. ae hereinafter described 
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or B functionally equivalent plaemid. 

By a funciicnally equiveient plesmid, we mean a plssmid capable of 
performing substantially the came function In substsntially the same manner as 
the' plaemid in question. Without limiting the generality OT the foregoing, other 
5 ptasmid backbones are contemptated. Also, plasmids containing other portions of 
the swine n^ ,3-gat2CtcsylirsnEferBse gene and other mutations to that gene are 
contemplated. 

The introduction of new genetic material and the^ subsequent selection of 
cells harbouring the desired targeted integration requires expansion and clonal 

10 selection of each founder transgenic cell. A limitation tc applying this process in 
nuclear transplantation programs is the number of cell divielDnE which the 
transfected cell must undergo tc provide sufficient material for molecular analysis 
of each transgenic colcny and subsequent supply of nuclei for transfer. The great 
majority of cells suitable for in vitro genetic modification and subsequent nuclear 

1 5 transfer have limited in vitrv propagation capacity. It is therefore desirable to utilise 
Iransfection and selection systems which generate and/or identify correctly 
targeted clones at high efficiency and with limited requirement for in vitro 
propagation. 

A particularly efficient approach to selecting for correctly targeted oloncs is 
20 to use IRES gene trap targeting vectors, as described in Australian Patent 
678234, the entire disclosure of which is incorporated herein by reference. The 
IRES igene trap targeting vector may be selected from iRES-neo, IRES-lacZ. 
(TAAa) IRES-lacZ. (TAAj) IRES-lacZ lox neo«tk lox. (TAGs) IRES'lacZ/mclneo. SA 
lacZ-IRES neo. SA (TAAs) IRES-nuclear lacZ. SA (TAAa) IRES-nuclear lacZ lox 

25 Gprt lox. IRES-Pgeo, (TAAa) IRES-pgeo, SA IRES-Pgeo SA .Optimised 
IRES-Pgeo, IRES-nuclear pgeo, SA IRES-nuclear Pgeo, SA (TAA3) IRES-nuclear 
pgeo. SA Optimised IRES-nuclear pgeo, IRES-reo, SA IRES-zeo, IRES-hph, SA 
IRES-hph, IRES-hph-tk, IRES-bsd, SA IRES-bsd, IRES-puro. IRES gene trap 
targeting vectors provide o significant enhancement in gene targeting efficiency by 

30 eliminating a large proportion of random integration events. IRES gene trap 
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tergeiing vectors rely upon fur^ctional integration into an actively transcribed gene 
(such S5 the target gene) for expression of the selectable marker. Random 
integrations Into non-transcribed regions of the genome are not selected. 

Accordingly in a turiher aspect of ihe present Invention there Is provided a 
5 DfMA construct for modifying an endogenous gene in an animal nucleus, said DNA 
construct including j 

I 

a nucleic acid sequence which is substantlfilly Isogenic to at least one or 
more ponlons of the endogenous gene and Includes one or more mutations, and a 
selectable marker, | 

T 0 such that functional Integration of said DNA construct into said endogenous 

gene results in expression of the selectable marker. 

in a preferred embodiment of this aspect of the Invention the endogenous 
gene lis a swine, bovine, ovine, caprine or murine gene, more preferably a swine 
al.S-galactosyltransfBrasB gene. In a particulariy preferred embodiment of this 
15 aspect of the invention, the DNA constojct is pEERT 1, as hereinafter described 
or a functionally equivalent plesmid. 

In a preferred embodiment. It may be desirdble lo remove the selectable 
marker cassette from the targeted locus to eliminate expression of the eg. 
antibiotic resistance gene. One epproach ie to flonk the IRES selectable marker 
cascette with suitable DNA EequBncsB which act as recombination sites following 
!he addition of a suitable site-specific recomblnase. One example of a suitable 
^ecomblnase site Is the lox site which Is specific for the Ore recomblnase protein. 
Another example of a suitable recomblnase is the FLP/FRT recombinase system 
(O'Gorman, S., el al., 1991). 



20 



25 



Accordingly in a further aspect of the present invention there is provided a 
DNA conslrucl for modifying an endogenous gene in an animal nucleus, said DNA 
construct including 

a nucleic ooid soquenoe which is eubetantially isogenic to at least one or 
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mere pprtione of the endogenous gene and includes one or more muTsiions 
B selectable marker, and 

recombination aires flanking said aelectable marker, 
such that funcliona! integration of eald DNA constnjct into aeid endogenous 
5 flene results in expression of the seiecteble marker and addition of a recombinae© 
results in removal of the selectable miarker by recombination at tho recombination 

EltDE. I 

In e preferred embodiment of thic aspect of the invention th© endcgenoue 
gene is a ewine or murine more preferably a swin© ^I.S-galactosyltrsncfcrfise 
10 gene. In a parliculariy prafcrred embodiment of this aspect of the invention, the 
DNA construct is pBERT n, as hereinatier described or a funcilcnally equivalent 
plEsmld. 

fligh efficiency gene targeting and selection has a significant advantage in 
that suitably stringent seleciion systems, such as the IRES gene trap targeting 

15 vectors, can ellmlnaie the need for biochemical analysis of clonal cell lines. In this 
instance, individual nuclei from a pool of uncharacterised transgenic cells should 
generate offspring of the desired phenctype at a ratio equivalent to the eelected 
pool. The elimination of clonal celection may be particulariy useful where only 
limited in vitro propagation is desirable or possible. One such instance includes 

20 the culture of embryonic nuclei tor nuclear transfer. Embryonic nuclei are more 
eniclent than latter stage somatic cells for generating live bom offspring by nuclear 
transfer. However, totlpotential embryonic cells can not be cultured for extended 
periods for any other species than mice. Nuclear recycling of embryonic nuclei 
(eee following) provides an opportunity to maintain, expand and g©netically 

25 manipulate multipotontial cells from animals in vitro. 

The DNA ccnstructa according to thia aspect of th© invention may be 
engineered in bacteria and then introduced into the cells. Th© tranegenes may be 
introduced into the cells by any suitable method, Pref©rr©d methods include direct 
injection, ©tectroporation, liposomes or calcium phosphate precipitation. Direct 
30 injection Is the preferred method for embryonic cells while eleclroporalion is more 
suitable for embryonic fibroblast and embryonic stem cell cultures. 
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Whilst applicent does not wish to be reetricted by theory, it is thought that 
regions of eubetantially lEcgenic DNA either side of the mutation drag ihe 
transgcne to the target site where it recorribines and introduces the muiaiton. 11 Is 
further- though! that the main coniribuilng tacior for increasing the efficiency of 
5 iniroducing a specific mutation in a given gene is the degree of similarity between 
the target DNA end the introduced DNA, Thus, it is preferred that the DNA is 
isogenic (genetically idontica!) not allogenic (genetically|diE6imilar) at the genotic 
locus that is to be tcrgctod. / 

In a further aspect of the present invention there ie provided an animal 
10 embryo* or transgenic animal embryo produced by tHe methods of the present 
invention. Preferably th© animal embryo or transgenic animal embryo is a porcine, 
murine, ovine, bovine, caprine or human embryo, 

Jn a further aspect of the present invention there is provided a reconstituted 
animal cell or modified reconstituted animal cell produced by ihe methods of The 
15 present Invemton. Preferably the reconstituted animal cell or modified 
reconstituted animal cell is a porcine, murine, ovine, bovine, caprine or human 
cell. 

tn a still further aspect of the present Invention there is provided an animal 
or transgenic animal produced by the methods of the present invention. Preferably 
20 the eriimal or transgenic animal is a porcine, murine, ovine, bovine, caprine or 
human animal, more preferably a MHC(SLA) miniature cwino. 

The present invention will now be more fully described with reference to the 
^accompanying Examples and drawings. It should be understood, however, that 
the description following ie illustrative only and should not be taken in any way as 
25 a restriction on the generality of th© invention described above. 

In the Figurea: 

Figure 1A shows an overview of a nuclear transfer procedure according to 
the present invention in which activation occurs prior to enucleation which ie then 



J 
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followed by & quiescent period o1, e.g. 6 houre and thenTfusion. 

Figure IB ehowe on overview of a nuclear transfer procedure according to 
thG present invention in which recipient cells are enuclefited. subjected to a 
quiescent period of. e.g. 6 hours and thenfcomblned tuslon/actlvatlon. 

w 

6 :Figure 2 summarifies the steps taken for construction of the pGallaway 

targeting vector^ A^mrW^^ ''jf*- C^i^^^^ Ct»/I^uk^^. 

Figure 3 is a map of pBERT. ' 

Figure 4 ie a map of the linker referred to in Example 3. 

Figure 6 shows The modifications to Intron e and exon 9, 

10 Figure 6 shows the genomic organisation of the swine 

al.S-galactosyltransferase gen© following a homologous recombination event 
berween the chromosomal locus and the pGaltaway vector. 

Figure 7 chows the strategy used to Identify mutant transfcctants. 

Figure 8 shews a PGR analysis of the transfectants obtained in Example 3. 

15 Figure 9 shows the results of Ase 1 digestion of mutant PGR products. 

Figure 10 is a map of pBERT 1. 

Figure 11 is a map of pBERT 1 1 . 

Figure 12 shows transgenic animals generated by nuclear transfer. 

Figure 13A shows an RT-PCR analysis of the iranstectants obtained In 
20 Examples. 

Figure 13B shows the results of an RT-PCR analysis of the transfectants 
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obtained in Example 5 aftGr Ace 1 digestion. 

Figure 14 shows a strategy developed for scrocning for targeted coloniec 
referred to in Example 12. 

EXAMPLE 1 

5 Cytcpleat Preparation 

Cytoplasls were prepared from either in vivo or in vhro produced oocytes 
collected from both outbred end MHC (SLA) inbred miniature swine. Whilst 
applicant does not wish to bo restricted by theory, it ie thought that the uee of the 
MHC (SLA) inbred minicturc cwino oocytes as a source of cyioplasts will be 
10 beneficial in reducing mitochondrial DNA chimaerism and extraneous agents 
present In the cytoplast. 

In vivo oocyte production 

A number of systems have been developed to synchronise and 
cuperovulate ewine to obtain a large number of oocytee required for cytoplast 

15 preparation. These systems can be used in both outbred end MHC (SLA) 
miniature ewine. Synchronisation ot the estrous cycle was achieved by the 
following treatments: 1. administration of synthetic progesterone (eg. Regumate, 
Altrenogesl, Hoechsl-Roussel); 2. prostaglandin or prostaglandin analogue 
injection of a pregnant swine; 3. removal of offspring at weaning. Natural cycling 

20 swino was also used. Supcrovulation vwth follicle etimulating. hormone (FSH) wae 
used to increase the number of oocytes obtained from each ovary. The FSH 
activity ot pregnant mares semm gonadotrophin (PMSG, Folligen, Intervet (Aust) 
Ply. Ltd. or Pregnecol. Horizon Technology Ply. Ltd, 750 -1500 lU) is preferred. 
Ovulation time was controlled with the injection of human chorionic gonadotrophin 

25 (hCG (Chonjion. Intervet (Aust) Pty. Ltd., £00 lU). Unfertilired metaphase 11 
oocytes were surgically collected 2-1 6 hours after ovulation. 
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In vitro oocyte production 
Pigs 

Overies were collected from claughtered gilts and transported to the 
laboratory at 37'C in Saline (0.9% Sodium Chloride) (HSA, Baxter AHB1324) 
5 eupplementGd with 10^1/ml penicillin-EtrGptomycin solution (contains 5,000 iu/rni 
penicillin G eodium and S.OOOjiB/ml etrcptomycin sulfate, GIbco BRL, Life 
Technologies), 

Oocyte cumulus comploxcG (OCC) were aspirated from fclliclcs 2-6mm in 
diameter. OCC with uniform cytoplasm and compact cumulus cell mass were 
10 collected, nnsed in Dulbecco's phosphate buffered saline (Glbco BRL Life 
Technologies Inc.) supplemented with 0.3% bovine serum albumin (ION 
Biomedicals Inc.) and cultured in one of the following media: 

f^edium i Medium 199 (Sigma Cell Culture, SIgma-Aldrlch Pty. Ltd,) 

Medium 2 Modified Whittene medium (Whitten, W.K. and Bigger. J.D., 
15 1968, Funshashi, H cf a/.. 1994b. 1996) 

Medium S Modified Gl medium 

A summary of porcine oocytes matured in the various media is shown in 
Table 1. 
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TABLE 1 

In Vitro msturation of porcine oocytes 



Medium 


No. of oocytes examined 


No. of oocytes with first 
polar body (%) 


Migg 


362 


// 220 (62.5) 


Whittens 


330 


/ 205 (62.1) 


G1 


383 


150 (39.2) 


Waymouth 


275 


1 71 (25.8) 



OCC wore cultured in micrcdrops or Nur^c 4.well tissue culture plates of 
5 one of the above oocyte rr.aturation mQdium or any other suitable medium 
overlaid with mineral oil (Sigma Chemical Company, Slgms-Aldrlch Ply. Ltd.), at 
3B,5^C. under SVoCOs In air for 48-50 hours. Each medium was supplemented 
with 10% Estrus cow serum (Day 0 to 5 after standing heat) and 0.01 unilft/ml 
Follicle Stimulating Hormone ( from porcine pituitary, Eigma-Aldrich Pty, Ltd.) The 
1 0 benefita of adding of Eetaie cow aerum is chown in Table 2. 
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TABLE 2 



Effects of different aera on the in vitro msturation of porcine oocytes 



Sera 


No. of oocytes 
examined 


No. of oocytes with first 
polar body (%) 


ECS 


1187 


728 (61.3) 


FBS 271 


86(31.7) 



•ECS, EslruB Cow Serum; FBS. Fetal Bovine Serum 



" Basic medium. TCM 199; Maturation lime 48-52 hrs ' 
5 Cattio 

In vhro oocytes were obtained in an identical manner to porcine in vitro 
oocytes. Maturation was also in identical media, over a period of 22 hrs. 

Microsurgical Enucleation or Bisection of nuclear material 

Recipient cytoplast were prepared by removal ot metaphase chromosomes 
10 from mature meiaphase II (Mil) oocytes, or both pronuclei (PN) from in vivo 
fertilised oouyles for the first and second round of nuclear transfer respectively. 

Enucleation by microsurgery 

Prior to enucleation the oocytes were denuded of cumulue celle by gentle 
pipetting after 2 minutee vortexing in 0.1% hyaluronidase (Sigma Cell Culture , 

15 Sigma-Aldrich Ply. Ltd., 300 iu/ml in Hepes buttered Ml 99 or H-Gl (or other short 
term handling medium) and Incubated In the UV fluorescent dye Hoechsl 33342 
(Sigma Ceil Culture, Sigma-Aldrich Ply. Ltd, 6^ig/ml) for approximately 10 minutes 
at 3B.5^C followed by washing in Hepes (Sigma Cell Culture, Sigma-Aldrich Pty. 
Ltd. or Gibco BRL, Life Technologies Inc.) buffered M199, Gl or other medium 

20 (listed above). The enucleation was performed in a 20 ^l drop of Hepes buffered 
medium (Ml 99 or Gl) containing the cyioskelelal inhibitor, cytochslsin B (Sigma 
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Cell CLilture. Sicma-Aldrich Pty. Ltd. 1.0 - 7.5 ^gfm\). Using the micrcmanipulation 
pipettes occ>^ies were crientaied so that the first polar body (PB) was clearly 
visible in the 12 o'clock position when the bevel of the enucleation pipette was 
upward facing. Once Ihe oocyte was secured, the enucleation pipette was 
5 carefully inserted into the oocyte. The alignment of the holding end enucleation 
pipette' with respect to the oocyte, zona pellucida and oolemma (cytoplasmic 
membraney wsc important. Failure to have both, pipettes and oocyte aligned 
resulted in lysis ot the oocyte. Having penetrated the /2ona and oolemma, the 
enucleation pipette was positioned Just below the first polar body, Gentle suction 

10 was applied into the enucleation pipette to remove a proportion (approximately 1/3 
to 1/6) of the oocytes cytoplasm and the first polar body. Successful enucleation 
was confirmed by the detection cf the metaphace plate in the removed cytoplasm 
end fir^t polar body by exposing the enucleation pipette to UV light. Care was 
taken to avoid exposure ot the enucleated oocyte to UV. In mouse experiments 

15 the first polar body was rarely removed as it is undergoing degeneration at this 
particular time. This enucleation procedure was perionmed at room temperature. 

II the polar body was not observed prior to enucleation the oocyte was 
exposed to UV (<15 seconds) to allow for visualisation and orientation of the 
metaphase [I plate. Following enucleation the oocyte end confirmation of 
20 enucleation waa identical to the methods described above. 

. Cytoplast from the second round of nuclear transfer were prepared from in 
vivo sourced rygotcs. Donor female gilts or ewine were synchronised and 
supcrovulated as described above. Females were mated with males twice, 24 
hours and 32 hours after hCG (Choruion. Intervet (Aust) Pty. Ltd.) injection. 
25 Zygotes could also produced by in vitro tGnltisation of in vitro matured oocytes. 

Fertilised oocytes have two pronuclei: male and female prcnuclGus(PN)t 
which appear ^-8 hours atter fertilisation. The developing pronuclei are normally 
obscured by the high content of lipids present In swine embryos. Visualisation of 
the PN was achieved by centrifugation (6-12 min. 6.000-1 S.OOOg). Centrifugation 
30 stratifies the lipids end allowed both PN to be easily removed by enucleation 
techniques. Cumuius ceils still adhered to the rona pellucida were removed by 
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incubation in hyaturonidaee (300iuyml) for approximately five nninutGS. 

Cytoplasts for the purpose of serial nuclear transfer were prepared from 
zygctee 44-50 hours after hCG (Chcrulcn, Intervet (AueI) Pty. Ltd.) administration. 
Fertiliecd oocyl9$ w©r© incubated in cytochsissin B {Sigma-Aldrich Pty Lid) In a 
5 manner similar to that OGScribed tor Mil oocyie enucleailon, bcih PN were 
removed by microsurgery. No DNA staining was requireli lo confirm the removal 
of PN since they were clearly visible in the enucleation pipette. 

Enucleation by bisection ^ 

In vivo or in viiro matured oocytes w©ro used for enucleation by bisection, 

10 The oocytes were tienuced of cumulus cells by gentle pipening or digestion in 
hyaiuronidase (Sigma Cell Culture. Slgma-Aldrtch Ry. Ltd.. 300 lU/ml in H-Ql 
medium or other short term handling medium) and stained in UV fluorescent DNA 
dye Hcechst 33342 (Sigma Cell Culture. Sigma-Aldrich Pty. Ltd.. 5 M^ml) for 
approximately 10 minutes at 39'C. Metaphase II oocytes were selected . The 

15 zone pellucida was partially dissolved by o short incubation in 0.1% pronaee 
(Sigma Cell Culture, Sigma-Aldrich Pty. Ltd.) and removed by a gentle passage 
through a narrow pippette. The oocytes were incubated 15 min in H-G1 or other 
shon term medium with cyiochalsln B (Sigma Cell Culture, Sigma-Aldrlch Pty. 
Ltd.) (1.0 - 7.5 ug/ml) and enucleated by bisection Into two halves (Tarkowski, 

20 1977). The nucleus was likely to be located in close proximity to the first polar 
body. Phytohemagglutinin was used to stick the polar body to the cytoplasm 
membrane. The enuoleated halves, identified under UV illumination by the 
absence of chromatin stained with Hoechst (Sigma Cell Culture, Sigma-Aldrich 
Pty, Ltd.), were washed and stored in H«G1 medium or other short term medium 

25 until used tor fusion (46-50 hours after the onset of oocyte maturdlion). 

EXAMPLE 2 

Karyoptast preparation 

Karyoplasts from the following sources were Used: 4- to 16-celi embryos 
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(embryonic nuclei), embryonic toetal, and adult (somatic) fibroblasts, embryonal 
tumour (Embryo Carcinoma) and embryonic siem cells (isolated !rom Inner cell 
mass cells), embryonic disc cells, or primordial germ cells. 

Karyoplasi preparation from Preimptantation embryos. 

5 Preimplantation embryos at A to 16-cell stage were collected from the 

reproductive tracts of cupercvulated and mated female miniswinea. 
Superovulation waa induced ae described in Example !• Foetuses for PGC 
isolation were collected from 25 to 35 day prec-nant female minlswine following 
superovulelion or natural cycling and mating (Example 1). 

10 Four 10 16-cel! stage embryos were collected using standard surgical 

procedures 94 to 144 hours after hCG (Chorulon. Intervet (Aust) Pty. Ltd.) 
injection. Karyoplasts ccntaining embryonic nuclei were obtained by removing a 
portion of the cytoplasm which contained the. nucleus of the biestomerc. This was 
performed by microsurgery in a similar manner to that OGScribed above for 

15 .cyioplast preparation. The embryo was ir^cubated in a microfilament inhibitor (e.g. 
cytochalasin B. (Sigma Cell Culture, Sigma»Alririch Pry. Ltd.)) prior to the 
microsurgery, held in position by a holding pipette, the enucleation pipette was 
inserted between the blastcmeres, and a portion of the cytoplasm containing the 
nucleus was removed. Karyoplaets were prepared from the blastomeres in the late 

20 G2 or'.M-phasQ of th© cell cycle. The M- phase was induced by culturing ombryos 
in a microtubule polymerisation inhibitor, tor example nocodazolG (Sigma Cell 
Culture. Sigma-Aldrich Pty. Ltd., 1 jig/ml) (Kwon and Kono, ig96). Alternatively 
the wtnole blastomeres, synchronised in the G2 or M- phase were used as the 
source of the karyoplasle. The cell cycle consists of four phases: M (mitosis), (50. 

25 5 (synthesis) and G2. Synchronisation of cell cycles between donor nuclei and 
recipient cytoplaets at the timo of tronspiontction strongly influenced the 
development of reconstituted eggs. 

Karyoplast preparation from fibroblasts and embryonic ceils. 

Foetuses were collected on day 25 to 35 of pregnancy trom slaughtered 
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female miniewine. The uteais was removed and foetusee isolated using sterile 
techniques. The foetuses were decapitated immediately after isolation and 
waRhGd in cold PBS (Oxoid, Unipath Ltd. UK). A small tissue sample was taken 
Irom each foetus for genctyping (by using PCR). The fibroblast cultures were 
5 esteblished from lung, muscle/akin (mesenchymal) tissues as follows. Other 
tissues may also be used. The tissue from individual foetuses was cisected, 
wacheb in PBS (Oxold, Unipath Ltd. UK), disaggregated mechanically by mincing 
with scissors or/and enzymaticaily by incubating tor 5 min at 37'C in 0.25% trypsin 
/ 0.0470 EDTA (Glbco BRL, Life Technologies inc. US) in PES (Oxold. Unipalh 
10 Ltd. UK). Disaggregated cells were washed in culture medium and plated onio 
gelatinised 10 cm Petrie dishes, at 106 - 107 cells per dieh. This Is passage 0 
(PC). The medium was changed every 24 hours and the cells cultured until 
confluent (between 2 to 5 days). The cells were then expanded by trypsinization 
and passaging 105 -lOB cells onto a 10cm gelatinised Petrie dish In culture 
15 medium. Aliquots of cells at passage 0. 1. 2 were stored frozen in liquid nitrogen. 
The culture medium was DMEM (Qibcc BRL, Life Technologies Inc., US) 
supplemented with 10% PCS, 2 mM glulamine (Gibcc BRL, Life Technologies inc. 
US), lOOIU/ml penicillin (Glbcc BRL, LHc Toohnologics Inc., US), 100^g 
ctrcptomyoin (Glbco BRL, Life Tcchnclogies inc. US), 0.1 mM p mercaptoethanol 
20 (Glbco BRL, Life Technolcgies inc. US). Other types cf media or protein/growth 
factors may also be used (e.g. DMEM (Gibco BRL. Lite Technologies Inc., 
US):F12 (Glbco BRL. Life Technologies Inc. US)) It ihay are found to provide 
better culture conditions. The cells were karyotyped at each passage to confirm 
that they retained nonnal/diploid chromosome complement. 

25 Other types of cells used as a karyoplast source Include tissue from adults 

and embryonic elem cells isolated from ICM. ED. PGC and EC. 

PBS 

Sterile solution of PSS (Oxcid, Unipath Ltd. UK), (Ca** and Mg" free) 
suppicmonted with 1 00 lU/ml pGnlcillin, 100 ng/ml streptomycin. 
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Culture media 

Dulbecco's modified Eagle's medium (DMEM, (Gibco BRL, Life 
Technologies Inc. U6)) supplemented with 10-20% FC8 (CSL Limited, Aus), 
lOOlU/ml pGnicillin (Gibco ERL, Life Technclogiee Inc. US), lOOjig/ml 
5 streptomycin (Gibco BRL, Life Technologies inc. US), 2 mM gtutamine (Gibco 
BRL, Life Technologies Inc. US), 0.1 mM mercaptoeijianol (Gibco BRL, Lite 
Technologies Inc. US). h 

Gelatin 

h 

•0.1% geictin (Sigma Cell Culture, SlBma-Aldrich Pty. Ltd.) in weter. 
10 Trypein 

:0.25% trypsin (Gibco BRL. Life Technologies inc. US), 0 0A% EDTA (Gibco 
BRL Life Technologies Inc. US) In FES (Oxold. Unlpeih Lid, UK), (without 
Pen/Strep). 

Freezing 

16 -in 00% culture mediumi, 10% DMSO (Sigma Cell Culture, Sigma-Aldrich 

Pty. Ltd.). 

EXAMPLES 

leolation end genetic modification of bovine embryonic fibroblaeto 
Isolation and propagation 

20 A bovine foetus (OR length 7,5 cm) was collecied from an abanoir • 

slaughtered cow. The foetus was washed In 3 changes of cold PBS containing 
100 lU/ml penicillin, 100 w streptomycin (PBS-P/S) eviscerated and washed 
again in 3 changes of cold FBS-P/S. Fibroblast cultures were established from 
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superlicial skin (BEF^S) find tronn muscle (mesenchymal; BEF-M) tissues as 
Tollows. The superticlal skin was peeled off from hind and front legs and the 
muscle tissue was diseded (rom hind legSt washed in 2 changes of cold PES-P/S, 
disecgrecated mechanically by chopping with scalpel blades followed by 

5 enzymatic digeetion. For enzymatic digestion tisEuee were incubated for 90 min 
(or up io 4 . 6 hr) at 4*C in 0.25% trypsin / O.O^Ve EDTA jn PBS. After removing 
the excess of trypsin, tissues were incubated at 37°C f^or 10-20 min» culture 
medium was edded end cells diseagregated by vigorous pipetting. Large, 
undlgesied pieces of tissue were allowed to settle by sedlmeniation. Supernatant 

10 containing single cells was decanted and Ihe ceils platec||at 3 x 10* cells/cm^ onto 
gelatinised (0.1% gelatin in water) Petrie . dishes and cultured at 37X in an 
etmcsphcre of 5% COj in air. This was passage 0 (PO), The medium was 
changed every 24 hours and tho oclls cultured until confluent (between 2 to 5 
days). The cells were then expanded by trypsinization and psssscing 10^-10° 

15 ceils onio a 10 cm gelatinised Peine dish in culture medium. Aliquois of cells at 
passage 0, 1, 2 were stored frozen in liquid nitrogen (In 10% DMSO, 90% culture 
medium or PCS). The culture medium was DMEM supplemented with 15% PCS. 
2 mM : giutamine. 100 lU/mt penicillin, 100 w streptomycin, 0.1 mM p 
mercaptoethanol, 

20 PBS sterile solution of PES (Ca*" and Mq"* free) supplemented 

with 100 lU/mi penicillin, 100 ug/ml streptomycin 

culture medium Dulbecco's modified Eagle's medium supplemented with 
167o PCS. lOOIUyml penicillin. 100 ^g/ml streptomycin. 
? mM glutamine. 0.1 mf^ p mercaptoethanol 

25 gelatin 0.1% gelatin In water 

Trypsin : 0.25% trypsin, 0.04% EDTA n PBS (without Pen/Strep) 



Freezing medium : 10% DMSO, 90% culture medium or PCS 
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Sex determination 

ThG sex of the isolfiied fibroblactE was determined by PCR (Pomp et al J, 
Anim Sci 1695; 73: 1^08-1415). Two genes wgre amptitied in a singie reaction: 

Sry (eex-determining region Y); the presence or absence of this gone 
5 determines sox; 

Zfy (male) or 2fx (female); the amplification of these genes acts as a 
positive control for PCR, 

The cells were found to be isolated from male foetus. 

Genetic modification 

10 Mu€cie tissue derived fibrcbiasis were used to intrcduce gene markers: 

gaiactose gene end/or neomycin gene. The cell line, EEF-M, was transfected by 
electroporation with the following vflciors: 

e) BPLacZ TINpS-MO linearized at a unique Xho I restriction site (p- 
galactoEidase-neomycin reeistant fusion gene), or 

15 b) IRES-Neo linearized at a unique Mlu I restriction zite (neomycin 

resistanoc gene}. 

2 X 10^ BEF-M cells were suspended in 0.4 ml of HeBs (20 mM HEPES- 
NfiOH pH 7,05, 137 mM NaCl. 5 mM Kcl, 0.7 mM NagHPO*. 6 mM glucose) 
containing 10 ^ig of linearized vector. The cell suspension was placed in a 4 mm 
20 . gap ©lectrcporation cuvette and kept at room temperature for 10 min. A 200 V. 
950 charge was then applied with a Gene Puiser II apparatus (Bio-Rad 
. Laboratories). After 10 min incubation at room temperature the cell suspension 
was transterred to lOmi of culture medium ana plated onto lOcm Petri dishes. 
The cells were re-ted culture medium coniainlng 400pg/ml Geneticin (Life 
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Tochnolocios) and selected for 8 to 14 daye. 

"Following electroporation and seieclion with Qeneticin, 18 6PLacZ 
TIN0S-MO end 21 IRES-Neo stable transfeciants were isolated. The positive 
clones. were expanded and stored frozen in liquid nitrogen, 

5 The positive 6PL£cZ TlNpS-MO clones were analysed for The expression 

pattern of P-galECtosldase gene by staining with X-gal. One clone, where z 907o 
of cells strongly expressed the marker gene, was chosen for nuclear transfer 
experimenta. | 

EXAMPLE 4 

1 0 Isolation of porcine adult fibroblasts 

Isolation and propagation 

Ear samples were collected from adult male and female miniature cwine. 
The tissue samples were briefly sterilised in 70% ethanol and washed in 3 
changes of cold FES containing lOOIU/ml pGnicillin, 100 tig streptomycin (PBS- 

15 PIS). The fibroblast cultures were established from skin as follows: Tho skin was 
disaggregated mechanically by chopping with scalpel blades followed by 
enzymatic digestion. For enzymatic digestion tissues were incubated for 5 hr (or 
up to 12 hr) at 4*^0 in 0.25% trypsin / 0.04% EDTA in PBS, After removing the 
cxceas of trypsin, tissues were incubated at ZTO for 30 min, culture medium was 

20 added end celle diesegregated by vigorous pipeting. Large, undigested pieces of 
tissue- were allowed to settle by EGdimentation. Supernatant containing eingle 
cells was decanted and the cells plated onto gelatinised (0.1% gelatin in water) 
Petrie dishes and cultured ai 37^C in an atmosphere of 5% COg in air This was 
passage 0 (PO). The medium was changed ever/ 24 hours and the cells cultured 

25 until confluent (between 5 to 8 days). The cells were then expanded by 
trypsinization and passaging 10^ to 10^ cells onto a 10 cm gelatinised Petrie dish 
in culture medium. Aliquots of cells .at paccagc 0, 1, 2 wore stored frozen in liquid 
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nitrogen (in 10% DWSO, 90% culiure medium). The culture medium was DMEM 
supplemented with 15% FCS, 2 mM gluiamlne, lOOIU/ml penicillin, 100 ^ig 
fiirepiomycin, O.i mM p mercaptoethanol 



PBS 



culture medium 



gelatin 



etorile solution of PBS {C^^^ and Mg*^ free) Euppiemented 
with 100 lU/mi penicillin. 100 jig/ml Etreptomycin 

Dulbeccc*8 mcdified Eagle's medium supplemented with 
16% PCS, IDOlU/ml penicillin. lOO^xg/ml streptomycin.* 
2 mM glutamine, 0.1 mM p mercaptoethanol 



0,1 7o gelatin in water 



10 Trypsin 



0.25% trypsin, 0.04% EDTA n PBS (without Pen/Strep) 



Freezing medium : 10% DMSO, B0% culture medium or FCS 



EXAMPLES 



Gene oonstruots and transgeneais 

The genetic modification of animal genomes can be broadly divided into 
15 random and targeted transgene integration. Wl^ile random transgene integration 
suffers considerable iimitationc attributable to unpredictable site of integration 
effects, targeted transgene integration offers significant improvement in current 
loss ot function applications and significantly greater opportunity in enabling 
planned modification ot specific endogenous genes. 

20 To date, the generation of transgenic animals with targeted uansgene 

integrations has been restricted to mice. Targeted mutations In mice have been 
possible due lo the availability of ES cell culture systems which are not dvailable 
for other species. ES cells, which are isolated from the inner cell mass of 
preimplantation mouse ombryos, can be extensively propagated in vitro without 

25 losing their capacity to contribute to all cell types of an animal. The in vitro 



( 
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propagation of ES cells providee an GxtremGiy valuable opportunity to introduce 
transgenes and select clonal cell lines having the desired iransgene integration 
event. The selected cell line can then oe used as a genetic resource to establish 
an equivalent transgenic animal. 

5 An fiiiemsie roure to ES cell-mediated transgenesls Is to couple In vliro cell 

culture and genetic manipulation with nuclear transfer! Nuclear transfer differs 
from ES cell-mediated transgcncais in that a variety of cell types that can be 
cultured and gonctically manipulated in vitro can be utilised ae a gonetic resource 
for the ©Btabllehm©nt of & new animal. For example, embryonic fibroblasts which 

10 can be propagated and genetically maniputsifid in vitro are not piuripotential and 
cannot contrtlDUte lo the gennllne .of an animal. However, the nuclei of genetically 
modified embryonic fibroblasts can be utilised as a genetic resource to establish a 
transgenic animal by reprogr£m.ming the developmental capability of that nucleus 
through nuclear transfer. Ccnvcrsely. fertilised oocytes or eingle cells of in vitro or 

15 in vivo produced embryos can be cultured, genetically modified and used as a 
genetic resource for generating iransgenic animals by nuclear Transfer or 
aggregation v/ith host embryos. 

The introduction of targeted genetic modifications in specific genetic loci is 
lacllnaTGd by a process known as homologous recombination. Specific genetic 

20 changes can be Introduced Into a locus by flanking the new sequence with 
genomic sequences homologous to the target site. The homologous sequences 
rcccmbine with the target endogenous gene end introduce the engineered 
mutation. To introduce cpecific targeted mutations in the cermline of inbred MHC 
(SLA) miniature swine, we have engineered MHC (SLA) miniature swine genomic 

25 libraries and cloned and engineered a range of gene targeting vectors as follows. 
Figure 2 summarises Ihe steps taken for construction of the pOallaway targeting 
vector. 

Endogenous genes are not limited to the examples shown. Gene targeting 
and nuclear transfer in swine and other animals would also be useful in cases of> 
30 1) Removal (knockout) of genes responsible for boar-:taint, 

2) Disruption of the myostatin gene to increase muscle growth, 
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3) Growth modification: directing mcdificd growth hormone conctruct 



into the growth hormonG locus, 



^) Using gene expression cn the X snd Y cnrcmosomes to alter the 



ratio of males to females. 



5) Addilion of Iransgenes tc increase disease resistance, interferon 



10 



6) 
7) 
B) 



gene, 

Production of human phamiaceuticalB, / 

Disease free transfer of genetic blood lines. ' 

Derivfition of disease tree swine from any genetic blood line, 

Derivation of specific pathogen free (SFF) swine genelic blood lines. 



MHC (SLA) Miniature swine genomic DNA-librcry construction 

Genomic DNA from o d/d miniswinc shown to be homozygous at the 
a1,3-galactoeyltraneferaee locus by RFLP anaiysia wae used to conetnjct a 
genorriic library. The same swine was used for derivation of the target cells used 

15 in these studies, assuring isogenicily and target locus. The lambda genomic library 
was made from DNA isolated from liver tissue using the Promega 
LambdaGEM-12 Xho I Half Site Arms (Promega Corp., Madison, Wl) protocol with 
modifications. The genomic DNA was partially digested with Sau 3A I followed by 
partially filling-in of the Sau 3A I as described by Promega. The DNA fragments 

20 were then size fractionated by agarose gel electrophoresis using standard 
methodologies. The DNA was ligated to LambdaGEM-12 vector, which had 
already been digested with Xho I and dephosphorylaied; and the first two 
nucleotides of the Xho I aite filled in. The ligated DNA was packaged using the 
Stratagcne Gigapack Gold Packaging Extract and mixed with E.coli host strain, 

25 KW2B1 . The genomic library contained approximately 2x10* independent clones. 

Construction of vector, pBert 

The unsmplified library was screened with a 240 bp PGR fragment 
con^spondlng to nucleotides 607 through 847 of porcine 
al.S-galactosyltransterase gene (GT. Strahan et al. 1S95,- immunogenetics, vol. 
30 41: 101-105, cDNA Sequence and Chromosome Localization of swine 
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al,3-gal£ctcsyltran6ter£SG, eenbank Accession Number L36152) using stanaaro 
methodologies. Six bona tide porcine a1 .3-gRiRctosyltransterase clones were 
identified find mapped by Southern analyses using stancard methodologies. Two 
clones (#12 and 4) were selecled for use in ccnstnjction of the targeting vector. 
5 pQallaway. 

The two lambda clones were subcloned as follovi^^: lambda clone 12 was 
digested with Eco Rl and the 10 kb fragment containing 'bT sequences upstream 
of exoo 9 was isolated. This fragment wae cloned into pUCl9 Eco Rl cut vector to 
genero'tG pTCLl2-46 (orientation 1) end pTCLl2-40 (orjentation 2). Lambda done 

10 A wac . digested with Sac I and the 11.8 kb fragment containing GT sequencos 
downstream ot exon 9 was isolated. Then cloned Into pNEB 1S3 (NEB) Sac I cut 
vector 10 genereie pTCR4-9. A 2.8 kb Eco Rl/Sac I fragment was also isolated 
from lambda clone 12 and cloned into pNEB 193 Eco Rl/Sac I cut vector to 
generate 4-2. Thia fragment contains 3' intron 8 sequences and 5' exon G 

15 eequencee. TogGthor, the 10 kb Eco Rl fragment (clono 12), the 2.8 kb Eco Rl/Sac 
1 (clone 12) and the 11.8 kb Sac I fragment (clone 4) fomn a 2^.6 kb contiguous 
fragmGm containing the porcine GT extending trcm Intron 7 through exon 9 Into 
sequences 3' of GT. 

in order to introduce stop codons into the 5' end of exon 9, pBERT 
2u (Figure 3) was made. The piasmid, pTCL12-45. was digested with Eco Rl and Sac 
1. the 7.5 kb fragment containing the GT region was isolated, a linker (comprised 
of oligonucleotides 5*-TCG ACT GTT TAA ACG GCC TOT ACQ GCC TAG CT-3* 
<6EQ ID N0:1) end 5'-AGG CCG TAG AGG CCG TTT AAA CAG-3' (SEQ ID 
N0:2)) as shown in Figure 4 with cohesive Sal 1 and Sac I ends, which contained 
25 £ unique Pme 1 and Sfi Lwas ligated to the tragmem, fnllowed by ligation to pLJCl9 
Eco Rl/Sal 1 dlgesied vector to generate pTCLl2A. This vector lacks about 2.5 kb 
of the 5' end of the original lambda 12 clone. Slop codons were introduced into 
•the 5' end of exon 9 by modifying 4-2. The piasmid, 4-2, was digested with Bse Rl 
to drop out c 94 bp intemial GT Bee Rl fragment. Thie fragment wae replaced with 
30 a eynthetic fragment which was modified such that maximum isogenicity was 
•maintained. Five bp changes were introduced into This synthetic Bse Rl fragment. 
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Two bp modifications changed the 5' Bse Rl (within intron 8) to a unique Sal I site, 
while 3 bp changes created Three in-trame stops within the first 50 bp of exon 9 
(See FlQure 5). The eynthetlc Ese Rl fragment had cohesive Bse Ri ends and was 
ligated to 4-2 Ese Ri cut vector to generate 4-2A. 

5 The vector, 4.2A, was digested with Eco Rl and Sac I and the 2.8 kb Eco 

Rl/Sac I fragment containing the modified Ese Rl region was isolated. Vector. 
pTCLl2A, was digested with Eco RI, dephcsphorylated, and ligated together Vt^ith 
tho 4-2A Eoo Rl/Sao I fragmont. The ligatin reaction was first digested with Pmc I, 
then with Sac I. and the 9-10 kb Fme 1/Sac I fragment was purified. The vector, 

10 pTCR4-9, was digested with Not I, dephcsphorylated. digested with Sac I and the 
resulting 11 kb Sac l^Not I fragment was ' purified. The vector, (SuperCos) 
Stratacene), was digested with Eco Rl, which was filled-in with Klenow, then 
digested with Xba I and the 6.5 kb SuperCos ori fragment isolated. A second 
vector, SuperCce:etuffer. which contains the 11.4 kb Cla 1 fragment from EMBL3 

15 cloned into the Cla i site of SuperCos, was digested with Xba 1 and Not I and the 
12.6 kb Xba 1/NoT I fragment Isolated. 

The four purified fragments: 6.5 kb SuperCos ori (Eco Rl)/Xba I; 12,6 kb 
SuperCoststutier Xba 1/Not I; g-10kb TCL12A/4-2A Pme 1/Sac I; and 11 kb 
TCR4-9 Sac l/Not I were ligated together in a two-step ligation. The TCL12A/42A 
20 fragment was first ligated to the TCR4-9 fragment and then the remaining two 
fragments were added to the ligation. The ligation mixture was packaged as 
described eeriier. Clones were screened using standard methodologies and one 
correct clone, pBERT was uaed for further work. 

Construction oi pGaliaway 

25 In order to clone to 5' region oT GT, pTCLl2-40 was dtgested with Eco Rl. 

which was fiHed-in with Klenow. followed by digestion with Xho !. The resulting 
S.Skb fragment containing the 5' GT region was purified. The recipient vector 
(pOCUS/pak-neo) is a modified pOCUS vector (Novacen) which contains a 
pgk-neo cassette cloned into the Hinc II site of pOCUS. A partial. Spo I digest was 

30 carried out on pOCUS/pgk-neo, the linearized Spe I vector purified, then digested 
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With Xho I. The reEulting 37 kb tragmeni comatning :he vector was purified and 
ligaied to the 6.5 kb (Eco RIVXho I fragment Irom pTCL12-40 to generate pEddie. 

The 3' GT region was cloned into pEddie as follows: pEddie was digested 
with Xho 1 and Not 1, dephosphorylated and the 10 Kb fragment purified. pBen was 

5 digested with Xho I and Not I which removed the 16.1 kb QT region (with stop 
codon mocificBtions) from the vector backbone. The unpurified 18.1 kb Eco Rl/Not 
I frsgment was ligsted to the pOCUS/pgk-neo Eco Rl/Not I vector. The ligatGd 
DNA was electrcporated into competent E.coll TOP10 cells and individual colonies 
screened by standard methodologies. One correct pGallaway clone was Identified 

1 0 and was used for further work. 

pGallaway can be used as both a replacement or insertion vector. Either 
the unique Xho I or Sal I sites within the GT region can be used to ilnearize 
pQallaway for use as an insertion vector. The entire 24.6 kb GT region can be 
removed from vector sequences by digestion with Sfi I end Not I. 

16 Several criteria were applied to the selection of an appropriate cell line In 

which to assess homologous recombination with the pQallaway vector. First, the 
line must be isogenic with the vector. Second, the line can be immortalised to 
permit sufficient passagG between the initial tranef action and cubcequcnt 
analyses. Third, the line should express the a^S-gaiactosyltransferaee gene, ac 

20 expression will be required tor the homologous recombination assay. Fourth, the 
line must be transfectable and selectable at reasonable frequencies. Fifth, to 
facllliate generation of an rti.s-galactosyitransterase null line the line should be 
diploid. 

Aortic endothelial cells trom the same miniature swine used to derive the 
25 genomic DNA library were Immortalised with SV40 T antigen (Seebach et aL. 
1997, The 4th international Congress for Xenotransplantation. Nantes, France). 
One of the cell lines, PEDSV15, which satisfied the criteria listed above, was 
tranefected by electroporation wrth the pGallaway targeting vector. The vector wes 
linearized at a unique Xho I reetriction site. 1 x 107:FEDSV15 cells were 
30 suspended in 0,8 ml of HeBS (20 mM HEPES-NaOH pH 7.05, 137 mM NaCI, 
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5 mM KCl, 0.7 mM NagHPO*, 6 mM dexiroEe) containing 0.5 nM linearized 
pGalisway. The cell suspension was placBd in a 4 mm gap electrcporaiion cuvetTG 
end chilled on ice. A 270 v. 980 uF charge was men applied with a Gene Pulser 
apparatus (Bio-Red Uboralories, Hercules, CA) and the cuvette returned to ice 
5 for 10 minutes. The cell suspension was then transferred to 10 ml of etanderd 
medium (Ml 09 containing 10% fetal bovine serum (Life Technologies, 
Gaithercburg, MD) end pelleted. The cell pellet was resuspended and plated in 
enhanced medium (M1C9. 20% FBS. I00ug/m! Endothelial Cell Growth 
Supplement (Collaborative BioMedlcal, Bedford,' MA)) at approximately 6 X 
10 10* cell/cm* in various size plates to generate pools with varying numbers of 
stable trensfectent clones, a limiting dilution series was performed to determine 
the stable transfecticn frequency for extrapolation of stable ctcnes/plote. The ceils 
were re-fed enhanced medium conteining 400>ic/ml Gcnctioin (Life Tcchnologiee, 
Gaithersburg, MD) and selected for 10-14 daye. 

15 RT-PCR As&ay for Homologous Recombination 

The genomic orgsnisation of the al^S-galactosyltranfitflrase gene following 
a homologous recombination event between the chromosomal locus and the 
pGallaway vector is shown in Figure 6. The length of the 
u1,3*ualactosy[transferase homologous sequences in pQallaway (approximately 

£0 12 Kb on either side of the changes introduced in exon 9) precluded use of a 
eimple DNA PCR assay for identifying cells which had undergone a homologous 
recombination event. Additionally, to avoid the neceeeity of generating clonal lines 
of stable transtectants tor assay, the assay had to specifically identify homologous 
recombination events within pools of stable uansfectants also containing 

25 non-homologous insertions of the targeting vector, 

Homciogous recombination ot the pGallaway targeting vector in endothelial 
cells should resuil in the generation of RNA transcripts containing the mutations 
(stop .ccdons) introduced into the- vector. These transcripts ere most readily 
identified by RT-PGR using a forward primer from an a1 ,3-galactosyltransfcrase 
30 exon upstream of the vector sequences and a reverse primer specific for 
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ompiification of the expected mutant tranccripl The forward primer chosen for 
these experiments was derived from wild-type exon 7 sequence. The reverse 
primer w;3S derived trom the muisied region of exon 9 In the pGellaway vector, 
snd has a 3* terminal mismatch to the wild-type a1.3-aaiaclosyltransferase 
5 eequence. RNA was prepared from stable transfectant cells using the RNcasy 
Isolation Kit (Ciagen, Chetsworth, CA) according to the manufacturer's 
instructions. cDNA was prepared from RNA using the SLiperscript Preamplification 
System (Life Technologies. Gaithersburg. MD). using random hexamers according 
10 the manylacturer's instructions. cDNA was amplified in lOO PI reactions 

10 comaining 10 mM Tris-HCI pH 8.3. 50 mM KCl, 10 jiMjeach dNTP, 0.9 mM f/gCIa, 
and 25 p/ml Ampliiaq Gold polymerase '(Perkln-Elmer, Norwalk. CT). Fonward 
primer F238 5'-TTA CCA CGA AGA AGA AGA CGC-3' (SEQ ID N0;3) and 
reverse primer RD2 5'-TGC AGA TAT TCA GAA CTC CTC CT-3' (SEQ ID N0;4) 
were present at 200 nM. Amplification reocticns wore performed using a System 

15 0500 thermocycier (Perkin-Elmer, Nonvalk, CT) with th© following profile: 
3) gSXforSmln. 

2) 39 cycles of: 

96*C for 2 see 
60°C for SO sec 
20 72°C for 30 eec 

3) 72*Cfor5min. 

Analysis of Targeting Efficiency 

Two weeks following elearoporatlon and selection with Genetlcln allquots 
of the stable transfectant pools were analysed by RT-FCR as follows; 

25 To verity that amplitiabie cDNA was prepared trom the pools, ihe cDNA 

reaclion was amplified with wild type primers F236 and R545 5'-AQA TGA CTT 
TGT GQC CAA CC-3' (SEQ ID N0:5), from porcine u1,3-gatactosyltransfera5e 
exons 7 and 9 respectively. 



•To ensure that the RNA pools were not contaminated with mutant template. 
30 the mock cDNA reactions were amplified with primers F23B and RD2. 
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To identify pools containing cgHs producing th© mutant tranEcript expected 
trom ihe homciogous recombination ot pGfillaway and the endogenous 
al.S-galsctosylircnsferasG locus, me cDNA reactions wsro amplified with primers 
F236 and RD2. 

5 initial analysis of 7 pools of approximately SOO stable transfectante each 

resulted In detection ot the expected mutant template in All 7 pools. A subsequent 
analysis was performed on 6 pools of 30 stable transfectante (21 A-F) and 4 pools 
of 3 stable transfectants (22 A1,B1.C1,D1). The results of this analysis are shown 
in Figure B. In panel A, ethidium bromido staining of PCR products generated from 
10 cDNA with the wild type F238 and .R545 .primere chowed.that ampiifiable cDNA 
was produced Trom each pool. 

In panel E. the pool cDNA preparations were amplified with primers F238 
and RD2. tor specific detection ot product generated from the expected mutant 
transcript. Hybridization of Southern blois with an internal 
15 a1,3-galactcsyltransfer£se ollgcnucleotlde probe revealed the presence ot mutant 
transcripts in 2/6 pools of 30 (21 B.C), in panel C. mock cDNA amplified with 
primers F23B end RD2 confirmed the absence of contamination within any of the 
pools enelyeed. 

To eliminate any possibility that the PCR product generated from pools 21 
20 B end 21 C was derived by low efficiency amplification of wild type RNA, the PCR 
product from theee pools was digested with Ase I. Ase I should cleave the 
expected mutant product into fragments of 272 bp and 24 bp, but not cleave 
product derived trom a wild type template (see Figure 7). The.polyacrylamide gel 
analysis in Figure 9 clearly demonsiraies that the PCR product trom pools 21 B 
25 and C is cleaved, confirming the amplificalion of the mutant transcript expected 
from a homologous reccmbination event. 

In summary. 2/6 pools of 30 stable transfeciant clones were found to have 
mutant transcripts expected from a homologous recombination event, for a 
homologcus recombination frequency of 1-2%. 
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•To select for a cell line totally devoid of a1,3-galactoEyltran5feraee activity, 
ie.. a null cfill line, we reasoned that screening the pools of clones for lack of 
binding lo smibodies specific tor me Galal,3Gal epitope, synthesised by 
a1,3-gclactosyltransferase might re&ult in selection ot such a null cgII line. 
5 Accordingly, we subjected pools of the stable transfomr^ant cfill lines to multiple 
rounds of selection using baboon xenogenic natural antibodies (XNAs) eluied from 
a Gela1,3G^l column matrix (Synsorb 90. Alberta Research Council, Canada) and 
robbit complement. Following five rounds of selection, the vast majority of cells in 
one pool (2*3) were resistant to lyeie. RT-PCR analysis was performed on RNA 

10 from The 2'3 pool prior to selection and fitter five roundsjof selection. As expected 
from the size of the pools, only wild type PGR product was detected in the 2*3 
pool prior to selection. Following selection, the vast majority of PCR product was 
that expected from the targeted ellcle. Small amounts of PCR product derived 
from the wild type RNA are compatible either with a small surviving sub-population 

15 of BT expressing cells or with a significant, but not total, lose of wild type RNA in 
th© 'null population". A FACS analysis was periormed on the 2*3 line following 7 
rounds of XNAyccmplemeni selection, and the parental PEDSVIS line to 
determine the relative levels of binding to Synsorb 90 or to the lealnlB4. which 
hes binding specificity to Qala1,36al epitope. In both cases, the 2*3 cell line 

20 showed a greatly reduced level of binding,* indicating that the cell line had a greatly 
reduced level of expression of the a1, O-galactosyltransferase activity. 

Having Demonstrated that gene T;^rgeting of the a1,3-galactosyitransterase 
locus can be achieved in a porcine sortie endothelial cell line, it is understood that 
other cell types can be similarly modified, including but not limited to cultured cells. 
25 eg., embryonic fibroblasts, or embryonic stem cells, or embryos. 

The introduction of new genetic material and the subsequent selection of 
cells harbouring the desired targeted integration requires expansion and clonal 
selection of each founder transgenic cell. A limitation to applying this processes in 
nuclear transplantation programs is the number of cell divicions which the 
30 transfected cell must undergo to provide sufficient material for molecular analysis 
of each transgenic colony and subsequent supply of nuclei for^ transtGr The great 
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majority of cells suitable tor in vitro genetic mccificaticn and subsequent nuclear 
transfer have limited /V) vilro propagation capacity'. It Is therefore desirable to utilise 
tranefection and selection systems which generate and/or Identify correctly 
targeted clones at high efficiency and with limited requiremeril for in vitro 
5 propagation. 

;A perticuleriy efficient approach to eelecting for cq'rrectly targeted clones Is 
io use- IRES geno trap targeting vootors. IRES gene trap'targcting vectors provide 
a sigriiflcant enhancement in gen© targeting efficiency by eliminating a large 
proportion of random integration events. IRES gene trap targeting vectors rely 
10 upon functional integration into an actively .transcribed' gene (such as the target 
gene) for expression of the selectable marker. Random integrations Inio 
non-transcribed regions of the genome ere not selected. 

Widely expressed genes, such as the nti .a-galactosyliransferase gene 
which is the principal target for gene deletion In xenotransplantation, is well suited 

IS to IRES gene trap targeting strategies in nuclear Iransfer programs. Figure 10 
shows one a1.3-galectcsyltransferese IRES gene trap targeting vector for 
functionol disruption of a1,3-galacic5yltransf erase gene expression. In a preferred 
embodiment, It may be deeirablo to remove the selectable marker cassette from 
the targeted locus to eliminate expression of the antibiotic resistance gene. One 

20 approach Is lo flank the IRES selectable marker cassette with suitable DNA 
sequences which act as recombination sites following the addition of a suitable 
site-specific recombinase. One example of a suitable recombinase site is the lex 
site which is specific for the Cre recombinase protein. Figure 1 1 shows one 
example of a recombinase sensitive al.S'gelactosyltransferase IRES gene trap 

25 targeting vector for functional disnjption of a1 tS-galactosyltransfersse gene 
expression. 

.High efficiency gene targeting and selection has a significant advantage In 
that suitably stringent selection systems, such as the IRES gene trap targeting 
vectors, can eliminate the need for biochemical anoiysis of clonal cell lines. In this 
30 Instance, individual nuclei from a pool of uncharacterised transgenic cells should 



wo 99/21415 



PCT/US98/22882 



37 

generate ottspring of the oesifGd phenoiype at a ratio equivalent to tho sGlccted 
pool. The eliminalion of clonal selection may be particularly useful where only 
limited in vitro prcpagztion is desireble or possible. One such instance Includes 
the culture of embryonic nuclei lor nuclear transfer. Embryonic nuclei are more 
5 efficient than latter stage somstic cgII$ for generating live bom offspring by nuclear 
transfer, however, tciipctential Grr*bryonic cells can not be cultured for extended 
periods for any other species Than mice. Nuclear recycling of embryonic nuclei 
(see following) provides an opportunity to maintain, expand and genetically 
manipulate multipotentlal cells from swine in vitro in the absence of typical ES 
10 culture systems. 

Transgencs may be Introduced into cultured cells or embryos by direct 
injection, ciecircporetion, liposomes or calcium phosphate orecipitation. Direct 
injection is * the preferred method for individual embryonic cells while 
eleciropcration is more suitable for embryonic fibroblasts and embryonic stem 

15 cells. Typically, plasmid DNA lor electropcration was linearised by restriction 
enzyme digest, ethanol precipitated and resuspended ai 1.0 mg/ml in PBS (Oxoid, 
Unipath Ltd. UK). Following 2 hours culture in fresh medium, near confluent cells 
were dispersed by trypsinisation, washed sequentially in culture medium and PBS 
toxoid, Unipath Ltd. UK), snd resuspended at 1.4x1 OS/ml in PBS (Oxoid, Unipath 

20 Ltd. UK) tor immediate transtedicn. Routinely, 07 ml of cell eucpcnsion wae 
mixed with 0,1 ml DNA containing solution and electrcporated at 0.8 kV and 
3,0 mFD using a Biorad Gene Pulser and 0.4 cm cuvettes. Tranefectlons were 
plated on gelatinised tissue culture dishes at 5-6x1 04/cm2 In growth medium for 
16 houre prior to the addition of selection medium containing 200 mg/ml (active) 

25 GA18 (Sigma). Single colonies were piokod 8-10 days post transfcction and 
Transferred in duplicate into 24 well tissue culture plates for further expansion in 
growth medium containing 200 mg/ml G418 and subsequently in media without 
G418. 

EXAMPLES 

30 Elimination of a1 ,3-galactosyltran5terase activity in porcino foetal 
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fibroblscte 

Mesenchymal tissue derived fibroblasts were used to eliminate a1,3- 
galactocylirsnEfGraee activity. The cell line, PEM, was transfected by 
GlGctroporation with the pGallaway tarcGting vector linGarized at a unique Xho 1 
5 restrlcticn site. 1 • 4.8 x 10* PEM cells were suspendGd in 0.4 ml of HgBs (20 mM 
HEPES- NaOH pH 7.05. 137 mM NaCL 5 mM Kcl. 0.7 mM NajHRO^, 6mM 
■glucose) containing 0.5 mM linearized pQellaway, Tihe cell suspension was 
placed in a 4 mm gap eledrcporeticn cuvette and kept at room tennperature for 
10 min. A 200 V, G60 jiF chcrge was then applied with a Gene Pulser II apparatus 
10 (Bio-Rad Laborstorioc). After 10 min incubation at room temperature the cell 
suspension was irsnstcrred to 10 mi ot culture medium and plated onto a number 
of 10 cm Petri dishes. The ceils were re-ted culture medium containing 400 ^ig/ml 
Qenelicin (Life Technologies) and selected for B to 14 days. 

Following electroporation and CGlecticn with Geneticin aiiquots of the stable 
15 transfectants were analysed by RT-PCR as described in Example 3. Two sets of 
primers were used: 

• wild type . (primers F23B and R545) to verify that cDNA woe 
transcribed successfully; 

mutant (primers F33B and RD2) to identify the cells producing the 
20 mutant transcript expected from the hcmclogoue recom*bination of 

pGallaway and the endogenous al.S-galactosyltransferaee locue. 

In two electroporation experiments 7.6 x 10** were transfected and 178 
Geneticin resistant colonies isolated and analysed for the elimination of one copy 
of the al,3-galacTosyltransf erase gene. Five individual targeted PEM clones have 
25 been identified, expanded and stored in liquid nitrogen. Four of these clones have 
.been used for nuclear transfer so far. 

•The following strategy has been developed to identify and isolate primary 
clones harbouring targeted Integrations. To prevent extensive culture of targeted 
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colonies a "rr.astor" pletc is stored frozen, while duplicate plate(c) arc expanded 
and progressively smaller pools of colonies analysed by RT-PCR for the targeted 
evenU 

The "master plate is frozen as follows: When tne cells reach confluency, 
5 the medium Is removed and cells briefly washed with PBS, and 0.25% trypsin, 
0,4% EDTA In PBS. The plaie Is then put on ice ani 500 of cold freezing 
medium (10% DMSM. 80% FCS) added to each well. The plate Is stored for up to 
2 to 4 weeks at -75''C or after 24 hr al -TS'C transferred to liquid nltroflen. To 
thaw the cells, the plate is transferred to room temperature, 500 pi of warm culture 
10 medium added to each well and the cell suspension transferred to a new 24 well 
plate. The cells ore cultured et 37*C in an atmosphere of 5% CO2 in air. 

EXAMPLE? 

Nuclear Transfer 

ActiV2ition 

15 Activation of the cytoplast was preferred for further embryonic 

development. Activation occurs during feriilisaticn and is charscterieed by a scries 
of Ca^'' oscillations, release of conical granules, extrusion of a second polar body, 
pronuclear formation and ultimately cleavage. Development of an oocyte v/ithout 
ferlilijation by sperm is known as parthenogenic activation. Parthenogenic 

20 ootivaticn can be induced by various chemical and physical treatments such ae 
Gthanbi» calcium ionophore and electrical pulses (Ozil, J.P. 1G90). In the swine, 
electrical pulses have been shown to be more effective at induction of 
parthenogenetic development than ethanol (Saito et al.. 1993). Electrical 
stimulation is therefore the preferred method of activation Induction. Oocytes and 

25 reconstituted cytoplasts were activated by exposure to one or a series of electrical 
puisea (DC) at 90-120 V/mm for 30-90 [is (Prather et al 1991). 



The activated reconstituted oocytes were cultured. /n wfro overnight (24 
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hrs). or to the blastocyst stage (Day 6) of ccvclcpmGnt (Example 6) prior to 
uanster Inic surrogsie swine (Example 8) 



TABLE 3 

Parlhogcnetic activation ot porcine In Wfro and In vivo mcturcd cocytee 
5 using difterem methods 



Treatments 


No. of 

Oocytes 
Treated 


No. of Oocytes 
cleaved to 2-4 oell 
stage. 

(%) 


No. of Oocytes 
cleaved to 
Morula/BlaEtQcyat 
(%) 


Elhanoi 

(10%, 15 minutes) 


118 


53 (44.9) 




Calcium loncphore 
(CI) 


100 


46 (48.0) 




Cycloheximide 
(10|ig,.:20 hcure) 


75 


23 (30.7) 




Calcium ionophore 
+ Cycloheximide 


59 


29 (49.2) 




DC pulse 


246 


137 (55) 


In Vitro E/65 (12%) 
In Vivo 7/59(11%) 


Control 


60 


9(15) 



Fusion 

The nuciear transfer procedure involved the reconstitution of an enucleated 
cytoplast with a karyopiast containing tho donor nucleus. Cytoplasts were 
10 reconstituted by inducing membrane fusion with the karyopiast following treatment 
with chemical reagents, such as polyethylenegiycol (Czclowska et al., 1984), or by 
exposure to electrical. pulses (Wllladsen 1986). Cyioplasis were also recnnstituied 
by direct injection of the intact donor nucleus end keryoplast lysate Into the 
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cytoplast (Bromhall 1975; lllmeneee end Hoppe 1981). 

.Elcctrofusion was the preferred technique for cytoplast reconstitution. The 
parameters required for successful fusion depends on the origin of the karyoplast 
and also whother th© zonae peilucida wae present on the cytoplast. When 

5 cyioplasTR with an intact zonae peilucida were used, the karyoplact wac inecrted 
into the perivltelllne space (PV) of the cytoplast between the oocyte membrane 
end zone peilucida, with all manipulation performed in cytochalasln B (Sigma Cell 
Culture, Sigma-AIdrich Pty. Ltd,, 5 uB^ml). To induce fusion, the cyloplast and 
karyoplasl were placed between two platinum electrodes 0,5 - 1.0 mm apart in a 

10 solution of 0.3 M mannito! (Sigma Cell Culture, Sigma-AIdrich Pty. Ltd.), (Prather 
fiT fll.. igB9). For effective fusion to occur, the cytoplast and karycplast were 
orientated In a perpendicular fashion so that the fusion plane of The two cells was 
parallel to the electrodes. An alignment current of 5-10 V AC (500-800 kHz tor less 
than 1.0 s) was used to assist in orientation, When aligned, fusion was induced by 

15 a brief exposure to DC pulse (30-120 V/mm for 50 - 300 ufi). Fusion of the 
cytoplast end karycplast was observed within 15 -30 minutes by loss of membrane 
distinction between celie. 

Cytoplast volume has been demonstrated to effect development of nuclear 
transfer embrycs (Peura et al 1G97), It may therefore be beneficial to increase the 

20 cytoplast volume at fusion, Gspccially when cytcplaets have been prepared by 
oocyte bisection (see Example 1). To increase cyloplast volume, zona peilucida 
free cytoplasts may be fused together before, after, or at the same time as 
karycplast fusion using fusion parameters and conditions described above. 
Alternatively, optimal fusion parameters can be determined by the establishment 

25 and evaluation of iaofuaion contoure. 

.A comparison of our nuclear transfer procedures in the pig is shown In 
Table 4, Many attempts at using existing published nuclear transfer approaches 
developed in sheep. (Campbell et a!., 1607) and cattle (Cibelli et aL, 1998) were 
unsuccessful for the pig. 

30 The techniques that resulted in normal embryo development in a 
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reconstituted "nuclear transfGr" porcin© Gmbryo include 

1) porcine oocytes ere eciivated prior to enucleation, followed 
immcdifitGly by ineeriion of the donor nuclei and fusion 3 - 6 hrs after 
flctivation, and 

2) nDcdificsticn of technique 1) where cccytc^are enucleated (without 
activation), followed Inr^nriedialely by insertion of the donor nuclei with 
combined fusion acttvailon occurring 3 • 6 hours fitter enucleation. 

TABLE 4 / 



Efficiency of Nuclear Transfer in Pigs 



Procedure 


Enucleetion 
(%) 


Fusion 
(%) 


Development 
(%) 






2/4<ell 


Morula/Blastocyst 


Activation - 
Enucleation . (6 
hrs) Fusion 


166/268 (62) 


136/166 
(82) 


90 (66) 


In Vitro 15/57 (22) 
In Vivo 5/42 (12) 


Enucleation - 
(6 hours) ~ 
Activation/ Fusion 
Combined 


72/89 
(81) 


49/72 
(66) 


19/42 
(38) 


In Vitro 3/19 (16) 


Publiehed 
methods for sheep 
and canie . 


Uneuooossful 









10 



Table 5 shows a summary of cnnbr^'o transfer reeulte for surgical transfer of 
reconsihuted nuclear transfer porcine embryos produced by techniques of the 
present invention to synchronized reclplenis. 
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:While a published nuctear transfer approach has prcriuccd live onepnng \n 
cattle (Clbelll et aL» 1S9B) our invention provides a new way c1 producing nuclear 
transfer bovine embryos (see Tebie 6). 

TABLE 6 



5 In Vitro Cattle Nuclear Transfer 



ProcGdurs 


Enueieetion 
{%) 


Fueion 
(%) 


Oeveiopment 
(•/•) 






2/4^ell 16/32 cell 


Aciivelion - 
Enucleation - 
6 hours - Fusion 


41/55 (75) 


37/41 (90) 


10/37 


4/37 (11) 


Enucicstion - 
6 hours • 
Actlvatlon/Fuslon 
Combined 


45/50 (BO) 


30/45 (57) 


5/30 (17) 


2/30 (7) 


Partliogenetic 
Activation 






1 1/25 (44) 


8/25(32) 



Karyoplasi source 

The technique developed for nuclear transfer has broad application to ueing 
donor nuclei other than toetal and embryonic cell lines. Reconstituted nuclear 
10 transfer porcine embryos were produced from transfer of adult pig fibroblast nuclei 
{see Table 7 and Example 2). 
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TABLE 7 



Somatic Cell (Adult Cell) Nuclear Trancler in the Pig 



Cell type 


Procedure 


Development to: 






4 to 8 cell stage 
(%) 


16 to 32 cell 
stage (%) 


Adult Porcine Fibroblast 


Activation - 

Enucleation - 6 

hours fusion 



25/4S (55) 


IBM 5 (33) 



Universal donor 

£ The nuclear tranefer technique was also assessed as to its suitability of the 

in viiro matured oocyte to service a universal doner. 

"Human fetal fibroblast were used as donor nuclei end fused to activated 
enucleated porcine cccytec. This demonstrated the utility of the nuclear transfer 
technique to provide development of nuclei to different specieB (see Table 8). 

10 TABLES 



Karyoplaet Source {Human ) for porcine Nuclear Transfer 



Cell type 


Procedure 


Development to 16 to 
32 cell stage (%) 


Human Fetal Fibroblast 


Activation - Enucleation - 
6 hours - Fusion 


2^(28) 
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Serial nuclear transfer 

Alternatively, the activoted reconstituted oocytes may be ellowed to 
undergo one round of karyokinGsis. The resulting nuclei can then be ueed for an 
addlllonal round of nuclear uansfer. This second round of nuclear transfer, or 
5 serial nuctear transfer, is postulated to Improve The developmental capacity of the 
donor nuclei. Although the mechanism is unknown, re-exposure of the donor 
nuclei to molecular components in the cytoplasm of the|cytopia5t may assist in 
chromatin remodelling that ic Gesentiai for nuclear reprccramming (Di Ecrardino 
19B7; Kwon and Kono 1996). To increase the number of nuclei available for serial 

10 nuclear transfer from one to two, the activated recor^stituted cytoplasis were 
cultured in media with cytochalasin B {Sigma Cell Culture, Sigma-Aldrlch Pty. Ltd.. 
5 bagel) at 39**C in 5V0 COg for 6 hours (Kwon and Kono 1996). Following 
activation the donor nucleus re-entcrod the ceil cycle end ccmpleted karyokinesis. 
The addrtion of cytochalasin B (Sigma Cell Culture, Sigma-Aldrich Pty. Ltd.) to the 

15 media Inhibited the extmsion of the second PB resulting in the formation of two 
nuclei. Karyoplasls were prepared from both nuclei and consequently used tor a 
second round of nuclear transfer by placing the karyoplast into the PV space of 
the cytoplast. The cyioplast in the second round of nuclear transfer was usually a 
zonae pellucida intact, enucleated PN stage fertilised oocyte (ede Example 1). 

20 Fusiion was induced in a similar manner to that used for the first round of nuclear 
transfer. Activation was not required. ^ 

Embryo multiplication 

To increase the number of embryos available for transfer following nuclear 
transfer, and therefore increase pregnancy rate, nuclear transfer may be 

25 performed using karyoplastc from 4-cell nuclear transfer embryos. In this example, 
the nuclear transfer procedure was used as a means of embryo multiplication. As 
cytoplasts reconstituted with karyoplasts at the same stage of the cell cycle 
demonstrate a higher developmental capacity (Cheong et al 1993: Kwon and 
Kono 199B), in this example metaphase arrested karyoplasts were fused to 

30 cytoplasts prepared from enucleated metaphase (Mil) oocytes (see Example 1) 
using eiectrofusion and activation parameters described above. It was also 
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possible to prepare karycplaslc trom nuclei \n the Iste G2 stage of the ceil cycle 
(see Example 2). Nuclei within these karyoplaets were allowed to progress- 
through the cell cycle to mitosis or M phase, prior to fusion but were prevented 
from further progression through the ceil cycle by incubation in nocodazole (Sigma 
5 Cell Culture. Sigma-Aldrich Pty. Ltd., 1 ^lg/ml). 

EXAMPLE B 

Isolation of porcine somatic cell lines for nuclear transfer 

I 

Isolation 

NinG foGtucee were collected cn day 28 of pregnancy from slaughtered DD 
10 rr.iniature pig #12510 (G 5). 

Cell lines from four tissue types have successfully been isolated from each 

foetus; 

pig embryonic lung (PEL) fibroblasts 

• pig embryonic mesenchymal (PEM) fibroblasts 
15 • pig embryonic heart (PEH) fibroblasts 

• pig embryonic kidney (PEK) fibroblaets. 



Propagation 

•Examples of all four call types have been cultured tor 9 passages (25 
days). The results indicate that the growth curve (cumulative increase In cell 
20 number) and proliferative potential (growth ratio) of these cell lines is similar to 
that observed in prcvicuely isolated oell lines from commercial pig foetus. 



Sex Determination 



The sex of the isolsied fibroblast cell lines was determined by PGR (Pomp 
el a!.. 1995). 
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Transiection etticlency 

^Electrcpcration is the method cf choice for introduction of exogenous DNA 
into a fibroblast cell lines. However, other methods (e.g. lipofection) may also be 
used. 

5 Eicctroporaticn parsmeters for each cell type have to date been optimised 

using control vector supplied by Peter Mountford. / The recults of theee 
experiments were validated using the BTl construct (pGallawfly). Other targeting 
constnjcts will be evaluated as they become available 

Ellminatton ot al,3-galactosyltransterece aclivrty in pcrcino embryonic 
10 fibroblasts 

Porcine embryonic meeenchymal tlEsuc derived fibroblaets were used to 
confirm the feasibility of elimination of a1 ,3-galactoeyltransfcraso activity. The cell 
line, PEM, was transferred by electrcpcralion with the pGailaway targeting hector 
linearized at a unique Xho I restriction site as described In Example 3. 1 x 10** 
15 PEM cells were suspended In 0.4 ml of HeES (20 mM HEPES- NaOH pH 7.05, 
•137 mM NaCl» 5 mM KCl, 0.7 mM Ne2HP04, 6 mM glucose) containing 0.5 mM 
linearized pGallawoy. 

The ceil suspension was placed in a 4 mm gap electroporatlon cuvette and 
kept at room temperature for 10 min. A 270 V. 960 uF charge was then applied 
20 with a Gene Pulser apparatus (Bio-Rad Laboratories). 

After 10 min incubation at room temperature the cell suspension was 
transferred to 10 ml of culture medium and plated onto 10 cm Petri dish. The cells 
were re-fed culture medium containing 400 ^ig/ml Qeneticin (Life Technologies) 
and selected for 8 - U daye. 

25 Following electrcporalion and selection with Genetlcin atiquots ot the stable 

transfedents were analysed by RT-PCR as described in Example 3. Two sets of 
primers were used: 
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1) wild type (primers F238 and R545) to vGrify that cDNA was transcribed 
successfully; 

2) mutant (primers F228 end RD2) to identity the cells producing the mutant 
transcript expected from the homologous recombination of pGallaway and 

£ the endogenous al.S-galactosyltransferase locus. 

/ 

initiol analysis of e pool of 11 Geneticin reaietent colonies re3Ulted in 
detection of the expectant mutant template. The results of this anslyeis is shown 
in Figure 13A, Ethidium bromide staining of PGR products generated from cDNA 
with the wild type primers F23B and R545, and wtih ike mutant primers F23B and 
10 RD2 ere shown in panel A. Both PGR fragments have Ihe aame sue. However, 
cleavage treatment with Ase 1 yields two fragments of 272 bp and 24 bp in the 
mutant PGR product but no oleovnge in the wild type PGR product (Figure 13B). 

The above results show that at least 1 out of 11 Geneticin resistant clones 
heve mutant transcript expected from homologous recombination event. All 11 
15 individual colonies have been stored in liquid Nj. 

EXAMPLE 9 

Culture of Embryos 

Reccnsiliuied oocytes were cultured in 20 p.l drops of medium overlaid with 
paraffin oil (BDH Laboratory Supplies, UK or Sigma Chemical Company, 
20 Sigma-Aldrich Pty, Ltd.) under 5% C02 and reduced 02 (5-7%) atmosphere at 
39"' G. Gl medium was used for the first 48 hr. followed by G2 medium. The 
combination of Ql and G2 medium and the reduced 02 greatly improved the 
quality of the early embryo and increased the number of cells that differentiated 
Into Inner celt mass cells. 

25 Culture Media 

Porcine embryos were incubated in a number of different types of culture 
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media. Two short term culture media were used for embryo collection, 
manipulation and embryo transfer: 

1) Hepes (Sigma Cell Culture, Eicma-Aldrich Pty, Ltd. or Gibco BRL, Life 
Technologies inc.) buffered Gl medium with 4 mg/ml ESA (Miles Pentex or 

5 Gibco BRL, Life Technologies inc.) 

2) Hepee (Sigma Cell Culture, Sigma-Aldrich Pty. Lid. or Gibco BRL. Life 
technologios inc.) buffered MEM with E mg/ml BSA (Miles Pentex or Gibco 
BRL. Life Technologies inc.). The following long term culture media were 
used: j 

10 1) Whrttens medium with 15 mg/ml BSA (Miles Pemex or Gibco BRL, 

Life Technologies Inc.) 

2) G1/G2 medium with 4 mg/ml BSA (Miles Pentex or Gibco BRL, Life 
Technologies inc.). 

The embryos were cultured in micro drops of medium overlaid whh mineral 
15 oil (BpH Laboratory Supplies, UK or Sigma Chemical Company. Sigma-Aldrich 
Pry. Ltd.), In fjVnCOs: 5%02: snv^Nj aimosphere, a: 3R.5-C. The embryos were 
cultured for up to 7 days before embryo transfer to suitable recipient female. 

Th© Chemical composition of Gl and G2 media is shown beiow. H»G1 is a 
hepes. added version of Gl medium. All chemicals are Sigma, except for BSA 
20 (Gibco; or Miles Pent'dx). 
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G1 from ccncentroted ctockc 



Each reagent was added to MQ H^O as listed below, filtered and stored at 4*'C. 



stock 


10 ml 


50 ml 


Aci 


1.0 m 


5.0 ml 


B 


1.0 ml 


5.0 ml 


Cgi 


01 ml 


0.5 ml 


D 


0.1 ml 


0.5 ml 


G 


0.1 ml 


0.6 ml 


T 


0.1 ml 


0.5. ml 


ED 


01 ml 


0.5 ml 


Non'Essential AA (xlOO) 


0.1 ml 


0.5 ml 


H2O 


7.4 ml 


37.0 ml 


B6A 


30 mg* 


150 mg 



H^GI from concentrated stocks 

5 Each reagent was added to MQ HsO as listed below, liliered find stored fit AX. 



Stock 


10ml 


20 ml 


50 ml 




1.0 ml 


2.0 ml 


6.0 ml 


B 


0.16 ml 


0.32 ml 


0.8 ml 


Cqi 


0.1 ml 


0.2 ml 


0.5 ml 


D 


0.1 ml 


0.2 ml 


0.5 ml 


G 


0.1 ml 


0.2 ml 


0.5 ml 


T 


0.1 ml 


0.2 ml 


0.5 ml 


ED 


0.1 ml 


0.2 ml 


0.6 ml 


Non-Essential AA(XIOO) 


0.1 ml 


0.2 ml 


0.5 ml 


HEPES 


0.8A ml 


1 .68 ml 


4.2 ml 


HsO 


7.4 ml 


14.8 ml 


37.0 ml 


BSA 


30 mg 


60 mg 


150 mg 
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G1 & H.G1 PREPARATION: 

Preparation of Conccr^trated Stocks: 

Concentrated stocks were prepared by dissolving components In sterile MQ 
H20. Ecch stock was filtered end stored at 4**C for 3 months (Stock Aq2). 
5 1 month (Stock D) or one week (Stocks B. Dqi end Gk 

/ 

Stock Aqi Component mM e/lOOml 



(xlO concentration) 


NaCi 


85.16 


5.265 




KC1 




0.410 




NaH2P04.2H20 


05 


0.07B 




MgSOn /HjO 


1.0 


0.246 




Glucose 


0.5 


0.091 




Penicillin 


• 


0.06 




Streptomycin 




0.05 




NaLactale (50% syaip) 


12.40 


2.316 


Stock B 


Component 


mM 


g/IOOmI 


(X 10:concemratlpn 


NaHCOo 


25.0 


2.101 




Phenol Red 




0.01' 


Stock Cqi 


Component 


mM 


g/iomi 


(X 100 concentration) 


NaPynjvate 


0.32 


0.0352 


Stock D 


Component 


mM 


9/1 0ml 


■ (x 100 conccntrstion) 


CaCl2.2H20 


1.B 


0.26S 


Stock G 


Component 


mM 


g/iomi 


(X 100 ccncemratlon) 


Glutamine 


liO 


0.146 


Stock! 


Component 


mM 


g/IOmi 


(x 100 concentration) 


Taurine 


0.1 


0.0125 
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Stock ED Component mM g/IOmI 

(x 100 concentration) EDTA oT 0.02S'' 

Stock HEPES Component mM g/IOml 

; (x 100 ooncGntrotion) KEPE6 20 eIssF 

Phenol Red - // 0.01' 

• Usually only 0.001 9 added 

^ EDTA must be dissolved In 220 1 M NaOH prior|to adding HaO 

^ Adjust to pH7.4 with NaOH dissolved in media, use pH strips as an iniiiHl 
5 indicator then confirm with pH meter. 
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G2 PREPARATION: 

Preparation of Concentreted Stocks: 



ConcentrEted elocke were prepared by diesolvinc ccmpcner^ts in sterile MQ HzO. 
Each stock was Altored and stored at 4X for 3 months (Stock Aqj), 1 month 
5 (Stock D) or one week (Stocks B. Dgs find G), 



Btook Aoi 


Component 


mM 


g/100mi 


(xlO concentration) 


NaCi 


65 16 


6.266 




IvCl 




0.410 




NaHjP04.2HaO 


0.5 


0.078 




MgSOi 7H?0 


1.0 


0.246 




UlUcose 


o< 10 


n CAS 




Penicillin 




0.06 




Streptomycin 


- 


0.06 




NaLactate (50% symp) 


11.74 


2.193 


Steels B 


Component 


mM 


g/IOOml 


(X 10 concentration) 


NaHC03 


25.0 


2.101 




PInenol Red 




0 01* 


8took Cq2 


Component 


mM 


/ g/IOmI 


(x 100 concentration) 


NaPyruvatc 


9 10 


O011 


Stock D 


Component 


mM 


g/lOmI 


(X 100 concemration) 


CaCl5.2H50 


1.8 


0.26S 


Stock G 


Component 


mM 


g/iomi 


(X 100 concentration) 


Glutamine 


1.0 


0.146 



* Usually only 0.001 g added 
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G2 from concentrated stocks 

Each reagent wae added to MQH^O ae listed below. The pH wac mcosurGd and 
adjusted to pH 7.4 with NaOH (approx 50 ^1 1M NaOH/IOmI). The medium wae 
tillered and stored at 4^0. Osmolarity should be 269 mOsm. 



Stock 10 ml I 50 ml 





1.0 ml 


' 5.0 ml 


B 


1.0 ml 


5.0 ml 


CG2 


0.1 ml 


0.5 ml 


D 


0.1 ml 


' 0.5 ml 


G 


0.1 ml 


0.5 mi . 


Non-Eeeential AA (xlOO) 


0.1 ml 


0.5 ml 


Essential AA (x50) 


0.2 ml 


0.6 ml 


HaO 


7.4 ml 


37.0 ml 


BSA 


30 mg 


150 mg 



5 

EXAMPLE 10 

Generation ot transgenic OHspring by Nuclear Transfer 



Viable oHepring can be generated from transfer of embryonic or somatic 
cell nuclei to enucleated oocytes. Modification of this technology to include 
10 transgenic donor nuclei allows the generation ot transgenic animals. 

To demonstrate the generation of tranegenic animals from nuclear transfer 
we have developed a novel approach using a mouse model. This approach 
involves the use of a unique transgenic mouse that had a nuclear localised 
lacZ^neoR expression as a result of random gene-trap Integration of 
15 pGTIRES'pgeopA into what appears to be an ubiquitously expressed gene. As a 
result ell cells from this mouse, including embryonic blastomeres, demonstrate 
distinctive blue nuclei when treated with the X-gal substrate. In this example, 
karyoplasts were prepared from embryonic blaetomeres of this mouse and usod in 
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nuclear transtGr. Blastocysts that developed toltowing m vitro culture ot the 
reccnsTUuiec oocyie. were either ireaiGd with X-gal or transferred to a recipient 
female. All nuclei in the X-gel treated biasiccysis displayed dislinclively blue 
staining (Figure 12,1). Tissue stmpics from pups bom following bicstocyst 
E transfer eleo dicplayed distinctively blue staining (Figure 12.2 nuolcnr transfer 
pups with litter mates and 

figure 12.3 X-gal stained tissues (tail tips) frim nuclear transfer pups and 
litter mates). As this staining pattern is characteristic of the trenegenic mouse from 
which the donor nuclei were isolated, this novel approach clearly confirmed that 
10 transgenic olfsprlng can be generated from transge'nic karyoptasts (nuclei) without 
loss of transgene expression. 

EXAMPLE 11 
MHC (SLA) Miniature Swine 

A unique pig strain was used in the nuclear transfer program. The National 
15 Institute of Health (MHC/SLA) miniature swine is an inbred strain of swine with a 
genetically defined major histocompatibility complex. A breeding program was 
commenced in 1S72 to develop a -strain of inbred (fvlMC/SLA) miniature swine to 
increase homczyccsity at ioci associated with the swine lymphocyte antigen 
complex (Sachc et aL, 1976). 

20 Specific antibodies for each of the MHC (SLA) minialure pig strains have 

been isolated. Use of these strain specific antibodies allows unequivocal detection 
of ccntribution of karyoplast nuclei to the development of any pig produced by 
nuclear transfer. 
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EXAMPLE 12 



Embryo Transler In Outbreti and MHC (SLA) Miniature swine, 
Oestrouo Synchronirotion 

Several methods were developed to achieve synchronisation of both 
5 outbred and MHC (SLA) miniature swine. Selection of one particular method 
depends on the ago and size cf the animal, and on available facilities. 



Methcd 1: Carpus luteum regression hllowmg Prostaglandin treatment 

Recipient swine. 25 • AO days pregnant (as ccnlirmed by ultrasound or non 
return to estrus) were selected for embryo transfer. The following procedure was 
10 used to induce synchronisation; 

Day 1 (am) intramuscular Injection v/ltn 4 ml of Juramate (Cloprostenol. 
Pitman'Moore Australia Ltd.) or 

Prostaglandin F2a analogue. 

Day 2 (am) intramuscular injection with 2 ml of Juramate (Cloprostenol, 
15 Pitman-Moore Australia Ltd.) or 

Prostaglandin F2u analogue (allowed by 500 lU PMSG (Foiligon, 
:lntervet (Aust) Pty. Ltd. or Pregnecol, Horizon Technology Pty. Ltd.) 

Day 5 (am) Intramuscular Injection with 500 lU oT hCQ (Chorulon. Iniervet 
(Aust) Pty. Ltd.) . 

20 Day 6 DetecTion ot fismjs (standing heat) 



Day 7 One cell embryo tranefer. 



Day 11 Blastocyst transfer, 
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Method 2: Natural cycling 

Unstimulated, natural cycling recipient pigs were selected for embryo 
transfer. One cell embryoe were transferred 24 houre after detection of estrus. 
Blastocysts were tranEferred 5 days after detection of estrus. 

5 Method 3: Extended Frcgestercne treatn\ent, 

I 

Kletural cycling pigs were treated with ' Alirenogest (Regumate, 
Rouaccl-Ulcaf, Paris, France) for 14-1Bdays (15-20 mg/animal/day) to 
aynchronise estrus cycles, Twonty four hours after removal of Regumate 
{Aftrenbgest. Hoechst-Rcussel) swino wore injected with 500 lU of PMSG 
10 (Folligon, Imervfit (Aust) Ply, Ltd, or Pregnecol, Horizon Technology Pty. Ltd.) 
followed two days later Injection of 500 lU of hCG (Chorulon, tniervGt (Ausi) Pty. 
Ltd.) . 

Method 4: Syncnroniz^^tion of Gsrnj<i a1 s^ows Bfier lactstion or weaning. 

Recipients were synchronised for embryo transfer at weaning using the 
15 following procedure: 

Day 1 Weaning (removal of piglets) 

Day 2 (am) intramuscular injection of 500 lU PMSG (FoUigon, Intervet 
(Aust) Pty. Ltd. or Pregnecol, Horizon Technology Pty. Ltd.) Pty. Ltd.) 

Day 6 (am) intramuscular injection of 500 lU hcG (Chorulon. Intervet (Aust) 

20 Day 6 Deteciion of estms (standing heat) 

Day 7 One cell embryo transfer, 

Day 1 1 Blastocyst transfer. 

Surgery Standard surgical prccecures were used. Following induction of 
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anaesthesia with Thiopentone, fiurgical anaesthesia was maintained with either 
halothene (fluothane, Zeneca. ICl Australia Operations Pty. Ltd.) or isofluorane 
(Forthane, Abbott Labs, UK) in oxygen. Reproductive tracts were exteriorised by 
midline laparotomy. 

5 Oocytes or pronuclear stage embryos were collected Uirough a modified 

teflon catheter inserted into the oviduct via the infundibullum. Embryos were 
collected by retrograde flushing with flushing medium (Dulbecco's phosphate 
buttered saline (Gibco BRL, Life Technologies Inc., NY or Trace Biosciences Pty. 
Ltd. [D-PBS] supplemcntGd with 1% tetel calf senjm (CSL Limited, Aus). calcium 

10 and magnesium). / 

•Embryos were transferred in short term culture medium. One to four cell 
embryos were transferred to the oviduct of a recipient using a tom cat cstheter 
and 1 ml syringe. Eight ^cell to blastocyst slage embryos were transferred to the 
uterus cf the recipient using the same equipment. 

15 Recipients were synchronised to the development stage of the embryos 

transferred. Improved pregnancy rates were achieved by asynchronous transfer. 
The estrous cycles of recipient female pigs were programmed 24 hours behind 
embryo development. Approximately 67% of recipients farrow following such 
embryo transfer. 

20 Finally, it ia to be understood that various alterations! modifications and/or 

additions may be made without departing from the spirit cf the present invention 
as outlined herein. 
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CLAIMS 



1. A method of generating an animal embryo, which method includes 
providing 

5 a donor nucleus, and 

a recipient cell; 

removing the nucleus for the recipient cell; 

introducing the donor nucleus into the enucleated cell to produce a 

couplet; and 

10 maintaining the couplet in a suitable medium for a period sufficient to 

allow the cell to recover a substantially normal shape. 

2. A method according to Claim 1 further comprising an activation step 

15 3. A method according to Claim 2 wherein the couplet is subsequently 
subjected to a ceU fusion step. 



20 



25 



4. A method according to Claim 72 wherein the couplet is subsequently 
subjected to a cell fusion/activation step. 

5. A method according to Claims 2, 64 or 65 wherein the animal embryo is a 
murine, bovine, ovine or porcine embryo. 

6. A method according to Claim 5 wherein the embryo is a porcine embryo. 

7. A method according to Claim 6 where the donor is selected from the 
group consisting of embryonic, foetal and adult cells. 

8. A method according to Claim 7 wherein the donor nucleus is from a 
30 porcine animal. 

9. A method according to Claim 8 wherein the donor nucleus is from an 
MHC (SLA)-miniature swine. 

35 10, A method according to Claims 2, 64 or 65 1 wherein the recipient 
cytoplasm is prepared from in vivo or in vitro produced oocytes. 



40 



11. A method according to Claim 10 wherein the oocytes are oocytes which 
have been subjected to an in vitro maturation step. 
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12. A method according to Claim 1 1 wherein the in vitro maturation is 
conducted in the presence of estrus cow serum. 

13. A method according to Claim 1 wherein the couplet is maintained in a 
5 suitable medium for a period of approximately 3 to 8 hours. 

14. A method according to Claim 13 wherein the couplit cytoplasm is 
maintained in a suitable medium for a period of approximately 4.5 to 6 
hours. 

10 

15. A method according to Claim I wherein the donor/ nucleus is introduced 
into the enucleated cell substantially immediately after enucleation. 

16. A method according to Claim 15 wherein the nucleus is removed from the 
15 activated cell via an incision site and the donor nucleus is introduced into 

the enucleated cell through the same incision site. 

17. A method according to Claim 16 wherein the donor nucleus s introduced 
under the zona pellucida. 

20 

18. A method according to Claim 1 wherein the donor nucleus is genetically 
modified by random transgene integration or targeted transgene 
integration in an endogenous gene in the donor nucleus. 

25 19. A method according to Claim 18 wherein the endogenous gene in the 

donor nucleus is modified by introducing into said donor nucleus a DNA 
construct including a nucleic acid sequence which is substantially isogenic 
to at least one or more portions of the endogenous gene and includes one 
or more mutations, such that there is homologous recombination between 

30 the construct and the endogenous gene. 

20. A method according to Claim 19 wherein the animal nucleus is a porcine 
nucleus and the endogenous gene is the al,3-galactosyltransferase gene. 

A method according to Claim 20 wherein the DNA construct is a plasmid 
selected from the group consisting of pGallaway, pBertl and pBertll, or a 
functionally equivalent plasmid. 



35 21, 



22. A method according to Claim 1 wherein the couplet is cultured in vitro to 
40 produce the transgenic animal embryo and then the transgenic animal 
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embryo is transferred to a surrogate for subsequent development into a 
transgenic animal. 

An animal embryo produced by a method according to Claim 1. 

A method of generating a transgenic animal embryo^' /which method 

includes providing jj 

a donor nucleus which has been genetically modified to eliminate an 
undesirable activity or to provide for a desirable activity, and a 
recipient cell; 

transferring the donor nucleus to the recipient )bell to produce a 
couplet; and 

generating a transgenic animal embryo from said couplet. 

A method according to Claim 24 wherein the transfer step includes 
removing the nucleus from the recipient cell; 
introducing the donor nucleus into the enucleated cell to produce a 
couplet; and 

maintaining the couplet in a suitable medium for a period sufficient to 
aUow the cell to recover a substantially normal shape. 

A method according to Claim 25 including the preliminary step of 
subjecting the recipient cell to an activation step; and 
subsequently removing the nucleus from the activated cell. 

A method according to Claim 24 wherein the transgenic animal embryo is 
a porcine embryo. 

A method according to Claim 27 wherein the donor is selected from the 
group consisting of embryonic,, foetal and adult cells. 

A method according to Claim 28 wherein the donor nucleus is from a 
MHC (SLA) miniature swine. 

A method according to Claim 24 wherein the recipient cell is prepared by 
enucleation of in vivo or in vitro produced oocytes. 

A method according to Claim 30 wherein the oocytes are oocytes which 
have been subjected to an in vitro maturation step. 



wo 99/21415 



PCTAJS98/22882 



68 



32. A method according to Claim 3 1 wherein the in vitro maturation is 
conducted in the presence of estrus cow serum. 

33. A method according to Claim 29 wherein the recipient cell is from a MHC 
5 (SLA) miniature swine. 

34. A method according to Claim 26 wherein subsequent to the transfer step, 
the membrane fusion of the couplet is induced. 

10 35. A method according to Claim 34 wherein the membrane fusion is induced 
by exposing the couplet electrical pulses or polyethylene glycol. 

36. A method according to Claim 34 wherein the recipient cell is activated by 
exposure to an agent selected from the group consisting of elhanol, 

15 calcium ionophore and electrical stimulation. 

37. A method according to Claims 24, 25 or 26 wherein the donor nucleus is 
from an embryo that is itself a product of nuclear transplantation. 

20 38. A method according to Claim 37 wherein the donor nucleus is from an 
embryo that is a product of serial nuclear transplantation. 

39. A method according to Claims 24, 25 or 26 wherein the donor nucleus is 
geneticaUy modified by random transgene integration or targeted 

25 transgene integration in an endogenous gene in the donor nucleus. 

40. A method according to Claim 39 wherein the endogenous gene in the 
donor nucleus is modified by introducing into said donor nucleus a DNA 
construct including a nucleic acid sequence which is substantially isogenic 

30 to at least one or more portions of the endogenous gene and includes one 

or more mutations such that there is homologous recombination between 
the construct and the endogenous gene. 

41. A method according to Claim 24 wherein the undesirable activity is 
35 xenoantigenicity. 

.42. A method according to Claim 41 wherein the animal nucleus is a porcine 
nucleus and the endogenous gene is the al,3-galactosyltransferase gene. 
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A method according to Claim 42 wherein the DNA construct is a plasmid 
selected from the group consisting of pGallaway, pBertI and pBertll or a 
functionally equivalent plasmid. 

A method according to Claim 34 or claim 67 wherein the couplet is 
cultured in vitro to produce the transgenic animal embryo and then the 
transgenic animal embryo is transferred to a surrog^ate for subsequent 
development into a transgenic animal. 

A transgenic animal embryo produced by a method according to Clainis 
24, 25 or 26. / 

A transgenic porcine embryo produced by a method according to Claims 
24, 25 or 26. 

A transgenic animal produced by a method according to Claim 38. 

A transgenic animal according to Claim 40 wherein the expression of an 
endogenous gene has been deleted. 

A transgenic animal descended from a transgenic animal according to 
claim 47. 

A transgenic animal descended from transgenic animal according to claim 
48. 

An organ derived from a transgenic animal according to Claim 47. 

Tissue derived from a transgenic animal according to claim 47. 

Ceils derived from a transgenic animal according to Claim 47. 

A DNA construct for modifying an endogenous gene in an animal nucleus, 
said DNA construct including a nucleic acid sequence which is 
substantially isogenic to at least one or more portions of the endogenous 
gene and includes one or more mutations. 

A DNA construct according to Claim 54 wherein the animal nucleus is a 
swine nucleus and the endogenous gene is* • 1,3-galactosyltransferase. 
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56. A DNA construct according to Claim 55 which is pGallaway or a 
functionally equivalent plasmid. 

57. A DNA construct according to Claim 54 further including a selectable 
5 marker such that functional integration of said DNA construct into said 

endogenous gene results in expression of the selectable marker 

58. A DNA construct according to Claim 57 wherein the animal nucleus is a 
swine nucleus and the endogenous gene is • 1,3-galaciosyltransferase. 

10 

59. A DNA construct according to Claim 58 which is pBERT I or a 
functionally equivalent plasmid. | 

60. A DNA construct according to Claim 59 further including recombination 
^5 sites flanking said selectable marker such thai addition of a recombinase 

results in removal of the selectable marker by recombination at the 
recombination sites. 

61 . A DNA construct according to Claim 60 wherein the animal nucleus is a 
20 swine nucleus and the endogenous gene is • 1,3-galactosyliransferase. 

62. A cell or cell line containing a DNA construct according to Claim 54. 

63. A method according to Claim 25 wherein, subsequent to the transfer step, 
25 membrane ftision/activation of the couplet is induced. 

64. A method of generating an animal embryo, which method includes 
providing 

a donor nucleus, and 
30 a recipient cell; 

removing the nucleus from the recipient cell; 

maintaining the enucleated cell in a suitable medium for a period 

sufficient to allow the cell to recover a substantially normal shape; 

and transferring the donor nucleus to the enucleated cell by direct 
35 injection. 

65. A method according to Claim 64, funher comprising an activation step. 

66. A method according to Claims 64 or 65 wherein the enucleated cell is 
40 maintained in a suitable medium for a period of approximately 3 to 8 

hours. 



* 
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67. A method according to Claims 64 or 65 wherein the donor nucleus has 
been genetically modified to eliminate an undesirable activity or to 
provide for a desirable activity. 

68. A transgenic animal produced by a method according to Claims 64, 65 or 



69. A transgenic animal descended from a transgenic animal according to 
Claim 68. 

70. The method according to Claim 65, wherein the activation step is after the 
direct injection. 

71. The method according to Claim 65, wherein the activation step is prior to 
removing the nucleus from the recipient cell. 

72. The method according to Claim 2, wherein the activation step is after the 
introduction of the donor nucleus into the enucleated cell. 

73. The method according to Claim 2, wherein the activation step is prior to 
removing the nucleus from the recipient cell. 
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pGallaway Construction 
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£xon B 



Xhol 



Exon 9 



pGallaway 



Figure i 
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- — Sal I ta.O) •-^J^^i*^*-^ ^ 



Plasmid name: pBEBI 
Plaemld size: ^ Kb 



CommentK/R#<©ronoe«; 
Map positions fir« spproximaie only 

.;ectof bwkbonc w Suateccne SuperCoc (7.6-7.0 Kb; catalog if 251301) Coe ni/Nol i 
FMBL3 CloHcf is 11.4 Kb Da t Irtomonl (U0£42e) 

A-2 Ic the t.0 KtJ eco Rl/Sac I (racment trom lambaa done «ind conteinc e»uti 9 cooing 

recion. Th<* e£« Rl iroflmem wiihift 4-2 has bin^o modilied such mat a unioui? S.i i site hn» u«en engineered mm 

intfon 0 end there .arc in«lf»«rT>e stop ooconft **iihln ^hc coriing f©gion oi •*on s. 

For use as an *nsenion victor, lincarizo wUn Sa! 1 

Foi use as a fp.piDCQmcm vccto.. aigesi wi^h Sli UNni r Note: the.c is an i siifi in Suporcoa. 
TCL12A 1% irom lambda clotiu M2 ^7.5 Kh Sac i/£oo m l.ttgmeni 
rCRA-e is irom tembOa cione »4 -li.8 Kb Sac i/Noi I iragmcni 



TniB construct may te moditied to delete tiir SV^O ori. 
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FIGURE 4 

'/^-Sall Pmcl Sfil ./,sacl 

TC-GACT GTTTAAAC GGCCTGTACQQCC TAGCT 

GA CAAATTTG CCGGAGATGCCQQ a 
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rxQure 5 pern - Modifications to the 4-2 Fragment 



Bee Rl intron 8 



^GCXTATTCtp2£CTCn'AGAA>.TCCCnGAGGTTACkTTTACCCCATTCTTCTTr^^ 
TrGTATAAa gMy;^G ^TCTTTXGCGTCTCC?ATg7A>AT\yiGGTAAG>AG>ja 

I I ^ 

V,^^ / There may be a 

, iju^ Gubstitutian 

S&l I at this position 

TTC TlA ATX T 



C?. TAC ATT GAG CAT TAC TJG [gwTgAG 
CT ATC TAX CTC CTA AT£ AAC ICTC CTd AAG A&T TAT A 



Tyr lie Glu His Tyr r.^iu ciu Clu rhe lcu He ser 

I I I 

-Pran\e Stoo CodonS TAA TAC, TOA 
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Detection of RT-PCR Homologous 
Recombination 



primer . RD2 



Aae I 



GAG Cf^T TaA.TaC GAG GAG TTC TGA ATA / TCT GCA pGallaway 
• --C 2 WT seq 
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Figure 7 
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RT-PCR Analycie of Trensfcctant Pools 
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Ase 1 Digestion of Mutant PGR Products 




296 bp 

272 bp 



Figure 5 
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FI GURE 10 
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Figure 12.1: X-gal siainco oBiching blasiocyats (day 4 of culturt) developed fuuowing nuclear 
iransftr of karyoplasts derived from transgenic (pGnRES-^geopA) or wild type 
blfistomcxcx. 



Rgure 12.2: TrtmsgcnJc cud tar treasfer pups with non transgciuc liter matw (19 days post yartum). 





Figure 123: X*gal ft&izied tail tamplec confiruung genera ti on of tra&£genio nuoe following rvucleer 
transfer (three negadves and iwo posiQves). 
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Figure.l3 Elimination of ril ;^ • gBlactosyluansfciast Aciiviiy in Porcine Embryonic 
FibToblatts. 
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B. Ase I digestion of mutant PCR product 
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